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Exposure room, 
showing X-ray tube 
stand — indicating 
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To Insure Sounder Castings! | 


The last word has not been said in more closely adapting metal compositions 
to definite service conditions. Neither is it impossible to improve standards 
of design, foundry procedure, and heat-treatments of alloy steel castings so 
that they will more efficiently and economically serve their intended purposes. 

But so much has been accomplished in these fields that the AMSCO 
Research Department has turned its attention to another and more pressing 
problem — that of giving the user of AMSCO Manganese Steel or AMSCO 
Alloys, castings of such reliable soundness as will enable the alloy steel to 
develop its potential efficiency and economy to the greatest extent. 

With the visual evidence given the engineer and foundryman by the 
X-ray of internal defects otherwise not identifiable, problems of design 
and foundry method are sooner or later solved. This scientific tool enables 
the establishment of standards that result in commercially sound castings being 
consistently produced, fully adequate to the intended service requirements. 

This expensive equipment will pay for itself in greater economy both for 
AMSCO and our customers. To avail yourself of these benefits, insist that 
your Manganese Steel or Nickel-Chromium Alloy Castings shall be 


AMSCO made. 












Exterior view — 
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S HAS BEEN customary for the past few 

years at the time of the annual meeting of 
the American Petroleum Institute, THE REFINER 
again devotes an entire issue to the presentation of 
the technical and engineering pa- 
pers presented at this important 
convention. At each meeting the 
Refining Division of the Institute 
devotes three full sessions to technical and engi- 
neering progress reports and each year these tech- 
nical programs grow more interesting, more val- 
uable and hence more important to all those within 
the industry who are concerned with its progress 
and with the rapidity of its technical development. 
It is for this reason that the editors of THe ReE- 
FINER feel it incumbent upon them to give its read- 
ers aS much as possible of the engineering and 
technical information coming out of these impor- 
tant conferences, in the issue of current date 
with the meeting. This policy, upon which THE 
REFINER has many times been complimented, as- 
sures the readers that they will receive all of the 
important technical information presented at the 
American Petroleum Institute Division of Refining 
sessions under one cover and at an early date fol- 
lowing the meeting. 


A. P. I. 
Papers 


The well rounded and important program at the 
Los Angeles meeting this month brings before the 
industry two discussions of polymerization proc- 
esses. These are presented under the titles “The 











Thermal Process for Polymerizing Olefin-Bearing 
Gases” and “Thermal Conversion of Hydrocarbon 
Gases to Gasoline.” Also, there are two excellent 
papers on lubrication and lubricating oils presented 
under the titles “Fundamental Chemical and Phys- 
ical Forces in Lubrication” and “Practical Selection 
of Improved Lubricants.” Another interesting sub- 
ject is that of Diesel fuels which is discussed under 
the title “Fuels for High Speed Diesel Engines 
From the Refiner’s Viewpoint.” Still another sub- 
ject which has proven of real interest to the indus- 
try is that of utilization of butane as an internal 
combustion engine fuel, and this is discussed under 
the title “Characteristics of Internal-Combustion 
Engines Operating With Butane.” 


NDUSTRY should cease its trembling before 

government and its cringing before public opin- 
ion. Its record is such that it need not be ashamed. 
Its duty is to set the record out for reading and 
claim credit for what it has done 
and proposes to do. 

Oil is guilty of this trembling, 
yet its record will stand beside 
that of government and not suffer by comparison. 
Today it delivers a gallon of gasoline, superior in 
quality to that of a decade back, at a lower cost. 
Meanwhile government delivers a supervision no 


No Cause 
For Shame 
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better than the brand of a decade ago and the cost 
is higher. 

For a thousand dollars a citizen can buy an auto- 
mobile better than one of three times that cost ten 
years back. But the vehicle of government has 
mechanism inferior to the brand of a decade back 
and the cost is in excess of ten years ago. 


Gasoline and the automobile have freed men from 
their balliwicks, given them opportunity to enjoy 
life and made them masters over distance. The 
record is one for which these industries should not 
be ashamed. 

Yet, how often is the advertising of the oil in- 
dustry pitched in such a tempo. It is common to 
read the claims of superiority of products. Rarely 
does the writer of copy enlarge his vision to match 
that of the product of which he sings. ~The industry 
needs either executives with the courage to set its 
record in words that match its deeds or copy writers 
who comprehend the accomplishments of the in- 
dustry. 


For instance, the people of the United States 
should be told that this industry expects a profit 
on its capital and expects only by providing mer- 
chandise and service that deserve it. If there is in- 
herent evil in profit, industry will die as it should. 
If there is no inherent evil in profit, then it is the 
duty of industry to state its claims in logic and 
words so convincing that the industry will gain 
prestige as it seeks profit. By withholding these 
claims the silence feeds the fires of those who 
spread the propaganda of the inherent evii in profit. 

Some of the advertising space of this industry 
should be devoted to the cause of safety. High 
speed driving takes a teriffic toll of human lives. It 
eats gasoline and destroys machinery faster than 
sensible driving. Here is a field in which the indus- 
try can serve itself and its public to advantage. 

Here is an industry from which a few million 
human beings draw their livelihood. The record is 
one of which the industry should not be ashamed. 
Why is the story so seldom told? Either fear or 
warped vision. Of these the industry should be 
ashamed and it stands convicted by its failure to 
speak its claims. 

At best the statements of superior merchandise 
made dull reading. Some substantial oil company 
could contribute to progress by throwing half its 
advertising appropriation into messages which make 
no mention of merchandise. Let this part be a sin- 
cere statement of what the company contributes to 
the enjoyment and welfare of those it serves. 

There is no occasion for boasting, still there is no 
call for meekness. An honest record justifies an 
honest statement and an honest reward. 
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OMEHOW the attitude of a few million human 

beings has been twisted into a complex to the 
effect that business is an evil. These men hold that 
there is something inherently wicked in the rela- 
tionship whereby a man or a cor- 
poration with capital hires men to 
work. 

The plea is that all men should 
be employed, at shorter hours and higher wages, 
that money owes more to men and men less to 
money. Capitalism is branded as a wicked instru- 
ment. 


Dollars’ 
Wages 


There are wicked men in business as well as 
wicked men outside of it. But to brand business as 
wicked is as cowardly as it is unreasonable. 

Dollars go to work for the same reason that men 
go to work. They are sent forth to maintain them- 
selves and return a-profit. A man takes a job to 
gain necessaries for living-and a surplus for saving. 
As soon as he saves a dollar and puts it in a savings 
bank, he become by that measure a capitalist and 
his dollar becomes as. wicked as the dollars by 
which he had his living and made his saving. 

What men should realize is that paying wages is 
no more wicked than receiving wages, that in a free 
country dollars must go to work if men go to work. 


HE important series of articles recently com- 

pleted in THE REFINER dealing with “Inspec- 
tion of Oil Refinery Equipment” has been reprinted 
in book form and is offered, in limited numbers, 
to those desiring this valuable 
work at $1.00 per copy. This 
highly instructive work was 
prepared for publication exclu- 
sively in THe REFINER by Franklin L. Newcomb, 


‘*Inspection” 


Reprinted 


supervising engineer, safety inspection division, 
general engineering department, Standard Oil De- 
velopment Company. For many years Mr. New- 
comb has been in active charge of all inspection 
work done for Standard Oil Company of New Jer- 
sey and its subsidiaries throughout the world, and 
his close contact with inspection work and devel- 
opments in the various phases of such work, makes 
him especially fitted to treat this subject in both 
a comprehensive and understandable manner. The 
series of five full length articles met with excellent 
response, which, in turn, prompted their reprinting 
in book form. A few copies remain in stock at THE 
REFINER’s home office in Houston, and this is the 
last “ad” that will be written about them. 


(Please see page 45a) 
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Thermal Process for P olymerizing 


Olefin-Bearing Gases 


M. B. COOKE, H. R. SWANSON, 
Alco Products, Inc., New York 


and 


Cc. R. WAGNER, 
The Pure Oil Company, Chicago 


HE demand for anti-knock fuel has been so great 

during the past few years that oil technologists have 
been searching intensively all possible methods and 
sources of supply. This study has been accelerated more 
recently by the demand for fuel for high-compression 
super-charged aviation motors with octane ratings far 
above anything which has been considered heretofore. 
Various schemes for cracking heavy oils have been pro- 
posed, and thousands of chemicals have been tried with 
the idea of their use as “dopes” to increase the anti- 
detonating characteristics of gasoline. Little attention 
has been directed toward the gases produced as a by- 
product from cracking operations, a prolific source of 
valuable anti-knock fuel. 

Polymerization, and its application to hydrocarbon 
chemistry known for many years, may be defined as 
the union of two or more molecules of a substance to 
form a larger molecule, the latter being called a “poly- 
mer.” Polymerization is sometimes incorrectly referred 
to as condensation. The olefins of low-molecular weight, 
viz., ethylene, propylene, butylene, etc., form polymeri- 
zation products when subjected to heat and pressure 
without catalysts. 

The significance of the polymerization of gaseous 
olefins is the production of gasoline-like hydrocarbons 
which, due to modern internal-combustion-engine de- 
signs and demands for fuel, serve as desirable fuels, or 
blending fuels, due to their inherent anti-detonating 
characteristics when used in such engines. 

A search of the literature on polymerization reveals 
that there have been two plausible theories or explana- 
tions of the mechanism of polymerization of unsaturated 
hydrocarbons. The first theory was proposed when 
technologists were studying the mechanism of sulfuric- 
acid refining of hydrocarbon oils containing unsaturates, 
viz., that sulfuric acid forms first an acid ester or alkyl 
sulfuric acid by addition; this addition product subse- 
quently reacts with another molecule of the olefin to 
form the polymer. The sulfuric acid is liberated, and 
theoretically may go through many cycles. If iso- 
butylene is polymerized as the olefin, diisobutylene (iso- 
octylene) would be obtained, which has twice the mol- 
ecular weight of the raw material, butylene. The second 
theory is called the partial-valence theory. According 
to this theory the doubly-linked carbon atoms have par- 
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LYMERIZATION of normally gaseous hydro- 

carbons has been studied in the laboratory for 
a quarter of a century, and is now being employed 
commercially to produce gasoline and aromatics. 
Motor fuel of a higher octane rating can be pro- 
duced by polymerization than by any other accepted 
method of refining petroleum. The two commercial 
methods consist of the “thermal” process, wherein 
heat and pressure are employed to effect the re- 
action, and the “catalytic” process in which some 
heat is used but in which the reaction of polymeriz- 
ing is accelerated by catalysts. At the present time 
several thermal plants are in successful operation, 
whereas only one commercial ,unit of the catalytic 
type has been operated. Both types of plants effect 
a union of unsaturated hydrocarbons, normally 
gaseous, to form a liquid boiling within the motor- 
fuel range. The octane value of the polymer prod- 
uct ranges from 78 to 110 when tested by the 
A.S.T.M. method. The blending value of the 
polymer is very high. The thermal process converts 
ethylene as well as propylene and butylene into 
polymer, whereas the catalytic methods so far made 
available do not polymerize ethylene to any great 
extent. Several different systems of the thermal 
process are described and data given. 





This paper was presented at Sixteenth Annual 
Meeting, American Petroleum Institute, at Los 
Angeles, November 14, 1935. 











tial valences or “residues of free affinity.” The further 
assumption is made that the molecules contain a mobile 
or labile hydrogen atom (the assumption of a labile 
hydrogen atom has been made to explain many re- 
actions) which shifts from one molecule to the other, 
thus permitting polymerization. This explanation may 
account for polymerization in the presence or absence 
of catalysts where no addition compounds are formed. 

According to either of the above theories, two unlike 
molecules may also react—thus explaining the forma- 
tion of all the higher polymers. 

The above characterizes in general, from a broad 
chemical viewpoint, the process of polymerizing light 
hydrocarbons. The opinions with respect to the reaction 
mechanism of the conversion of specific constituents are 
divergent, and it is not considered within the scope of 
this article to discuss this in detail. 

From an equipment-design standpoint, theoretical con- 
sideration of the kinetics of the reaction are of im- 
portance. Polymerization is generally assumed to be a 
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bi-molecular or second-order reaction. The reaction- 
velocity constant, k, is expressed by the equation: 
x 


at(a— x) 
Where: 


t = the reaction time AG 

a= the reactant at the beginning of the reaction (t = 9), 
and 

x =the part of the original reactant which is converted in 
the time f. 


A consistent correlation of data will establish the 
values of the reaction-velocity constant as a function of 
the reaction temperature for any constituent. Correct 
and consistent reaction-velocity data are the prime 
requisite for the design of equipment of this type. 

In the earlier literature on pyrolysis of hydrocarbons, 
the opinion is expressed that aromatics are only formed 
at extremely. high temperatures—temperatures consider- 
ably above those to be disclosed as proper and sufficient 
in this article. Free-energy relationships, however, indi- 
cate that aromatics are formed from certain olefins of 
low molecular weight at as low a temperature as 800°F. 
The older literature referred to above mentions tem- 
peratures in the order of 1500-2000°F. When polymeriz- 
ing at comparatively low temperatures and high pres- 
sure, the simple junction of molecules with the least 
disturbance of the existing carbon-to-carbon and carbon- 
to-hydrogen linkages seems to prevail, while at higher 
temperatures a complete re-arrangement seems to take 
place leading to the formation of cyclic compounds. The 
high temperature polymerization condensate is almost 
completely aromatic. 


Heretofore attempts to form aromatics from low- 
molecular-weight hydrocarbons have been largely con- 
fined to pyrolysis of paraffin gases, an endothermic 
process. We are discussing here a process for poly- 
merizing olefins, an exothermic reaction. It is, therefore, 
possible that local points of very high temperature exist 
at the time of formation of aromatic molecules, but the 
surrounding gases conduct the heat away rapidly enough 
to maintain a lower average temperature. 


REFINERY OPERATING ECONOMY 


The polymerization of olefinic gases for the produc- 
tion of low-sulfur aromatic compounds is destined to in- 
crease in importance. High anti-knock-value gasoline, or 
gasoline-blending material—as well as benzol, toluol, and 
xylol—can be made with good yields, and at a profit, 
at the present time. The trend of refinery cracking has 
been, and still is, from low temperatures (liquid phase 
cracking) to higher temperatures with a corresponding 
decrease in pressures. This tendency has resulted in an 
ever-increasing gas yield of higher unsaturation. This 
is ideal for polymerization, as an otherwise wasted (or 
nearly so) by-product—gas—becomes a valuable charg- 
ing stock. The refiner can now install a polymerization 
plant, and the cost of it can be paid for, in one year or 
less, out of its earnings. The average refiner can in- 
crease his cracked gasoline output by polymerization by 
15-20 percent if he polymerizes all his cracking still 
gases. This material has a very high blending value, and 
can be made either high in volatility or low in volatility. 
This flexibility gives the choice of employing high per- 
centages of butane in the blended gasoline; or, if the 
material available for blending has low volatility, the 
necessary volatility may be obtained to a large degree 
from high volatility polymer gasoline. 

The equipment for carrying out the process is similar 
in appearance, operation, and instrumentation to crack- 
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ing still equipment—and for this reason few additional 
men are needed if the polymerization plant is installed 
close by, or in conjunction with, the cracking stills. 
Treating of the distillate is no different from treating 
other gasoline distillates, and no special processes are 
necessary. 

On the contrary, most polymer distillate is lower in 
sulfur content than cracked or straight-run gasoline. 

The most logical program to follow in this country in 
adopting polymerization consists of installing plants first 
to polymerize vapor phase cracking still gases. These 
are rich in unsaturates, and are amenable to poly- 
merization at a very reasonable cost. By including a 
pyrolysis step, a very high ultimate yield of polymer 
gasoline is obtainable from this source of raw material. 
The liquid phase cracking still gases are, in general, rich 
enough in unsaturates to merit one step of polymeriza- 
tion before a pyrolysis step. 

A second source of polymerization raw material is the 
huge quantity of natural gasoline tops and natural gas 
which is available. Natural gasoline tops will yield high 
percentages of polymer gasoline when dehydrogenated 
and polymerized. Natural gas can be used as a raw 
charge material for polymerization, but the yield of 
gasoline is less. 

When it is considered that our gasoline production can 
be increased from 10-25 percent (of our total consump- 
tion) from the same amount of crude oil per day, it is 
highly important that this conservation step be pushed 
and encouraged most vigorously. 


CHARGING STOCKS AVAILABLE 


Commercially feasible charging stocks for gas poly- 
merization for the production of motor fuel contain 
hydrocarbons varying from the lowest member of the 
paraffin series, methane (CH,), to the normally gaseous 
butylenes of four carbon atoms. The methane group is 
found in refinery gases, and constitutes the major por- 
tion of natural gas. The modern polymerization plant 
can utilize any of this raw material in such a way that 
the gasoline produced will be a very substantial part of 
the total gasoline production. 

The gases available as charging stock may be divided 
into three main classes, for convenience in arriving at 
yield figures. The most easily polymerizable gases are 
formed in the vapor phase cracking of hydrocarbon oils. 
In this country there are approximately 90 plants, each 
of which yields an average of 1.2 million cubic feet of 
highly unsaturated gases per day. Since the unsaturated 
content is high, no pyrolysis of the gases before the 
polymerization operation is necessary. Table 1 shows 
analysis of typical residue gases from a vapor phase 
cracking system. 








TABLE 1 
Analysis of Gyro Vapor-Phase Gas 
Sample No. 1 Sample No. 2 
Constituent (Mol Percent) (Mol Percent) 
Cre ee ee EP ee 32.5 37.9 
MEER CTL), Li Liga nth Uautta met danitaa eke 23.9 25.6 
Se en hoary Got ihe alg eae Bare 13.4 13.8 
RS ees es cg etl ea cate Mey nc eee tes 16.8 16.8 
Re. Fhe ea ar ee oes caine a ale ae 49 KE | 
Us sicoe ud eet iesun ed dans 3 6.12 
abies Wd Theavier ook ek se eK 2.45 2.8 
Specific gravity (air—1)..-....... 1.035 0.95 








Typical comparisons of the overhead from a stabil- 
izer, working in conjunction with a Gyro vapor phase 
cracking and compression gasoline recovery system, are 
given in Table 2. 
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TABLE 2 
Analysis of Stabilizer Overhead 











Sample No. 1 Sample No. 2 

Constituent (Mol Percent) (Mol Percent) 
Cee. ods is wcucegtaes asin eoais 0.5 iZ 
we | GIESSEN Ah Sy on tre Pe SA 9.2 7.1 
eames, 5.. dota Rb tie gad Does alee wmales Se 8.3 78 
GE (5, : nia weceFireed 5 Tea EBHUAS a SE eT 40.3 37.6 
CS no pote ccs aa baat toe 10.4 11.6 
eS eee oink ve bw dees ke ad eee 28.4 30.5 
RNR > Sad Pk a wich ete Gaines sldca sal p dobanatack 2.6 3.4 
Ci ene RPAVS 6 orbs Biv eae 0.3 0.8 
WRAP AGES 5 Siac cde sn tases caent 77.9 75.2 





The amount of stabilizer gas in percent of the total 
residue gas will vary considerably, depending upon the 
method of gasoline recovery employed in connection 
with the vapor phase cracking system. 

The above gases may be handled in two ways: 

a. Compressed and charged as compressed gases to 

the polymerization coil (see Figure 2) ; 
or 

b. A major portion of the residue gas may be re- 

covered as stabilizer overhead in liquid state and 
pumped to the polymerization unit (see Figure 
a). 

When charging a gas of the composition shown in 
Table 1 (vapor phase cracking gas) the entire gas is 
compressed to 600-800 pounds pressure and heated to 
900-1000°F. in a pipe coil heater. 

The gas is soaked in a reaction chamber which may 
take the form of a coil, which is cooled in order to ab- 
sorb the exothermic heat of reaction, and then chilled 
by injection of either cold gas or oil. The reaction is 
checked at about 60-70 percent conversion, necessitating 
a recirculation ratio of about 1.5. 

The mixture is fractionated, and the liquid product 
stabilized—giving a yield of gasoline of about 3.25 to 
4.5 gallons per 1000 cubic feet when operating under 

these conditions. The data obtained from a typical.run 
are given in Table 3. 
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FIGURE 1 
Polymerization Plant—The Pure Oil Company, Toledo, Ohio 


TABLE 3 


Charging Stock: 
Residue gas from Gyro vapor phase cracking system: 


Specific gravity (air =1) .........cceeee cence 1.06 
Unsatusates, percent. 25.508. 6 PTAs 47.2 
Yields of Products: 
Treated gas: 
Cubic feet per cubic foot of charge............. 0.80 
Specific gravity (air 1) ........ecee eee eees 0.87 
Unnntesntes, Devoe 5 .s 6.0: 0000s. cn ss heneetes 18.4 
Liquid: ’ 
Gallons per 1000 cubic feet of charge......... 44 
E. P. Gasoline: 
Gallons per 1000 cubic feet of charge...... 3.7 
Geavity, CAP... 0cccccnsesssovihibeoltas 52.4 
Percent of total liquid ..............sse000. Bt 
ASTM Distillation of E.P. Polymer Gasoline in °F. 
Initial boiling WOM So Sen saa pee eek an cam 96 
1O-percent point ..........sseeeeeeeseeeeees 134 ‘ 
50-percent point ....... viscosa boiansabiiced tn seinen 220 
SO-percent point. .4.. A3AK Jeena. 035s s chan pan 302 
End point ...s0. wsriswiieseebe Se deeed hit miae 420 


These data reveal that about 28 percent of the residue 
gas from the vapor phase cracking unit is converted to 
polymer gasoline when operating under the conditions 
outlined. 

We estimate that there are 90 vapor-phase cracking 
units in the United States with an average capacity of 
1000 barrels per day of reduced crude. The gas pro- 
duced from these units amounts to approximately 100,- 
000,000 cubic feet per day. If this quantity of gas were 
polymerized, with yields of E.P. gasoline conservatively 
estimated at 3.25 gallons per 1000 cubic feet of gas 
charged, there would be produced 325,000 gallons or 
7800 barrels per day. This polymer gasoline contains 
about 25 percent of aromatics, is highly volatile, and has 
an octane value, by the ASTM method, of 78-80, and 
a blending value of 96. 

This process does not produce the maximum of aro- 
matics. In order to produce the maximum aromatic con- 
tent, it is necessary to operate under other temperature- 
pressure conditions as described later. 

The alternative operation mentioned above consists 
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of utilizing to the utmost the advantages of liquid 
charging stock for the polymerization operation. In this 
operation the gases from the vapor phase cracking op- 
eration are processed to eliminate the lower-molecular- 
weight saturates (C, and C,) so far as is practical, and 
to concentrate the active olefins. Many advantages result 
from this procedure: 1, lower power costs due to the 
great reduction in horsepower for compression of gases 
in charging the polymerization unit; and, 2, the reduc- 
tion in the plant investment due to reduction in size of 
the several pieces of equipment as a result of eliminat- 
ing the inactive gas from the cycle. A third, and very 
worthwhile, advantage is realized at the same time in 
that the uniform control of the polymerization reactions 
becomes very simple. 

The process of preparing the charging stock consists 
either in absorbing the higher-molecular-weight constit- 
uents of the cracked gas and recovering them from the 


TABLE 4 
Liquid-Feed Polymerization Operation 


Commercial plant handling 4,050,000 cubic feet (standard) 
per day. Average operation, September 1 to September 20, 1934. 


Charging Stock (Including Recycle) : 


a ) See 1.51 
eee ee | a a a 49.4 
Conversion of unsaturates, percent ............ 86.7 
EES ESE Pn ee ee 1.75 
Yield and Properties of Products: 
E.P. gasoline: 
Gallons per 1000 cubic feet of fresh charge.... 8&8 
aia Ea 55.0 
ST SUMO so oc csc ccc cc cuccccccccce 76.0 
ASTM Distillation in °F. 
eT I NO Se vale e cldee ese ciewn 90 
a adie wis rd cs oe 4066 eas oo ss 5's 105 
lg is ss g's wonine.a.d-4 kien 145 
ck exe gy tse onicaec ss 182 
en bee occ cce cet svecacbehcc 323 
ee roe. a Seda bile ccabled woud 398 
Fuel oil: 
Gallons per 1000 cubic feet of fresh charge..... 3.0 
eg os a ks ale’ a a Wiese bom. 0 8.0 
Treated gas: 
Specific. gravity (air—1) .................6.. 1.01 
Unsaturates, mol percent...................... 22.0 
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absorbing medium under high pressure as a liquid, or in 
separating and fractionating directly under pressure— 
requiring compression of the cracked gas and fractiona- 
tion of the condensed portion. When using these meth- 
ods, the amount of ethylene in the charging stock is rela- 
tively small, since it would require very high pressures 
or low temperatures to get it in the liquid phase. How- 
ever, the gasoline yield is only slightly reduced, since 
ethylene polymerizes too far—forming tar if the reac- 
tion is carried out at the proper temperature for the 
propylene-butylene reaction. The temperatures and pres- 
sures employed are within the same ranges as given 
in the case of the gas-charging operation. Typical data 
of the liquid-feed operation are found in Table 4. 


HIGH-TEMPERATURE—LOW-PRESSURE 
POLYMERIZATION 


By the high-temperature—low-pressure method of op- 
eration, good yields of gasoline can be obtained. The 
gas is compressed to feed pressure and heated. Tem- 
peratures existing in the reaction.coil range from 1150° 
to 1300°F., and pressures are in the order of 50 to 75 
pounds per square inch, gauge. 

Operating on absorber gas, the unsaturates in the gas 
are predominantly ethylene, and give yields of distillate 
from three to 4.5 gallons per 1000 cubic feet employing 
recirculation as indicated by the test data in Table 5. 


TABLE 5 
Operating Conditions: 
Once-through operation: 
Temperature of coil outlet, °F. ................. 1275 
Pressure of coil outlet, lb. per square inch, gage 60 


A mae ma: SRN 2 68 i ho EEE 37.4 
Charging Stock: 

mpocuee mrawer Cag) iss <o-c<i. cece stand teases 0.79 

ONO 55S 54s. a a:0.6 da 5s BRO be 39.4 

Distillate Made: 

Gallons per 1000 cubic feet...>.................. 1.75 

IR SURI ns whe de di dattdh ohh. cdvileh chebaat 21.6 

Percentage boiling up to 350°F. ................. 76 

I I i 102 
Treated Gas: 

Cubic feet per cubic foot of gas charged......... 0.85 

specine gravity (ast 1). oe 0.72 


Unsaturates, percent 


eeeteerececsesceeeseseseseeseseces 


gallc 


the « 
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Opel 


Chai 


Disi 























The yield of distillate at the rate of conversion ob- 
tained in cyclic operation would be approximately 4.0 
gallons per 1000 cubic feet. 

Operating on stabilizer overhead, the unsaturates in 
the charge are mostly propylene and butylene, and yields 
of distillate from eight to 12 gallons per 1000 cubic feet 
are obtained as indicated by the test data in Table 6. 


TABLE 6 
Operating Conditions: 
Once-through operation: 


Temperature of coil outlet °F......... seh A oa 1175 
Pressure of coil outlet, lb. per square inch, gage 55 
COGVCCRIOR, 'REROUME 5 505 0c s oc apes e dep Sane 80 


Charging Stock: 


Soarme eravier > (e060 = 2). :.,..s9:0 46 sdosn sdb msoans 1.352 
UMRGEU AGES, DOTCOME 23 co kc 5 5-t cps 5 en apes 79.6 
Distillate Made: 
GSS OP et CM, The ks said baa ciceiee seaeees 98 
UR ie bsd cacdatan> vahendeueanepeee 26.4 
Percentage boiling up to 350°F. .................. 68 
Ctaee: Mad Aas Pee: 55.8 hd ARSE 86 
ASTM Distillation in °F.: 
Dist'l- 350 E.P. 
late Gasoline 
Teitel DOU - DOMME ooo. o Soo ose wslels 118 120 
ee a eee me eee 184 172 
aO-percent; HOI es oe ok a eS 218 190 
RNG: OHO, « . os. caivwus ce snbage pend 256 204 
PPPOE MINIS ois. 5 cg na see ocak saealned 368 224 
nN, CIOS oy 5 os giais Pac's 6s 506 vee eee 267 
ee. | SEA fae PaO ALE SNA arelae GOA A iad a 352 
Treated Gas: 
Cubic feet per cubic foot of gas charged............ 0.46 
Bonekie write (668 22 9) ii da Seis ees hs 0.86 
Wnsatweates, Pevbent iiss Oe i Pas 34.5 


The yield of distillate for cyclic operation would be 
approximately 11.0 gallons per 1000 cubic feet. The 
percentage boiling up to 350°F. can be increased by op- 
erating at a lower rate of conversion per pass. 

The yield of distillate seems to be somewhat higher 
for the low-temperature—high-pressure operation than 
for the high-temperature—low-pressure operation when 
operating on the same charging stock, but the yield 


depreciation is more than compensated for by the ap- 
preciation in quality. 

In the high-temperature operation a gasoline of 85- 
105 octane No. (ASTM) is obtained. The octane-blend- 
ing value is approximately 105-125. The polymer pro- 
duced is almost entirely aromatic; and the volatility, of 
course, is low. The low volatility is a very desirable 
feature in many instances, inasmuch as the octane num- 
ber of the blended gasoline may be very much increased 
without removing any butane before blending with 
polymer gasoline. 

To obtain the maximum polymer gasoline possible 
from a given quantity of by-product gases, a combina- 
tion of pyrolysis and polymerization steps seems to be 
ideal. This system gives the maximum yield of high- 
quality polymer gasoline from charging stocks which 
originate from gasoline-cracking stills of the liquid- 
vapor-phase types. In the case of liquid-vapor-phase 
gas, it is estimated that there are produced 1,000,000,000 
cubic feet per day. If this high-temperature—low-pres- 
sure combination system were used, there could be pro- 
duced over 1,200,000,000 gallons per year of 100-octane 
gasoline. This distillate is 80 to 85 percent aromatic. 
Therefore, there could be produced over 1,000,000,000 
gallons of relatively pure aromatics per year, or 24,- 
000,000 barrels per year. 

A simple illustration of a high-temperature process, 
comprising a pyrolysis and a polymerization step, is 
given in Table 7 (natural gas as the original charging 
stock is used). . 

The treated gas is lower in gravity and has a lower 
heating value, which makes it more desirable for use 
as a domestic or other heating gas. 

Natural gas produced in this country in 1933 amount- 
ed to 1,555,474,000,000 cubic feet. The figures for 1934 
are not yet available, but are probably higher. in 1932 
there were produced 2,555,000,000,000 cubic feet. Tak- 
ing the 1933—and more conservative—figures as a basis 
for figuring the potential polymer gasoline, and assum- 
ing the average composition to be the same as given in 
Table 8, we could obtain 2.1 gallons of 350-E.P. distil- 
late per 1000 cubic feet, or 2.1 1,555,474,000—3,270,- 
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000,000 gallons per year (77,800,000 barrels per year). 
There would still remain 1,414,000,000,000 cubic feet 
for domestic or industrial use as a heating medium. 

The potential yield of polymer gasoline from refinery 
and natural gas in this country, utilizing the thermal 
process with efficiencies obtainable at this time, amounts 
to approximately 110,000,000 barrels per year, or rough- 
ly 25 percent of the total gasoline consumed in the 
United States during the year 1934. The octane value 
is higher than that obtained by any other known thermal 
or catalytic process for producing gasoline. Only tetra- 
ethyl lead may be considered a competitor for enhancing 
the anti-knock value of gasoline—and this material does 
not increase the amount of gasoline to be used as fuel, 
but only alters and improves the anti-knock quality. 


TABLE 7 
Charge: 
re EMMIS COIS Se DD... wc wesc waccccvecsace 0.815 
Composition : Pernt) 
ie tices Cio oe bk WENA 6 oo v's bid o's 70.5 
a a ah Pls Po ak 12:7 
ee ele ta eis 10.3 
CyHw Te ees Cet hawencesaie ae 6.5 
Pyrolysis Gas: 
I ON Ro. cass coGs's ch eared ve 0.645 
Composition: Fo dAN 
Pa ee ESS a sca dildiwsdWaivscibeeis 11.5 
ESS I 2 a er gee er ee 62.5 
ee ica a cae oes vw ceiee cane eaek 15.7 
er BU a's snide 8k dapneebiadceecs 5.1 
SE CUBASE EW EGA | Viv dics bocce ccs ieseretsvee 2.5 
AM eR reba SUSE rita ide Jade ieee’ 1.2 
I ores Cae ciG'k 5 Abid». csiese dicts b4le abs 1.5 
‘So ‘ Gallons Per 
Liquid Made: 1000 Cubic Feet 
of Charge 
RS cduPnl ig 2 Pes bios «. bin wade Save 0.42 
NN fa WS fe Saas oo 0%, + bes wid mee 2.38 
CRT ere Oo. eb ae wade neswse ties 2.80 
Percentage boiling up to 350°F. .............. 75 
MMIII Sasi edad ec ccce sees canes 104 
Treated Gas: 
Cubic feet per cubic foot of gas charged....... 0.91 
Specific gravity (air —1)...........cc cece eee 0.59 


TYPES OF POLYMERIZED DISTILLATES 


The character of the distillates produced varies widely 
with the operating conditions employed. The distillate 
obtained by the high-pressure—low-temperature method 
of operation is comparatively volatile, and would only 
have the maximum blending value if the other compo- 
nent of the blend is lacking in volatility. On the other 
hand, the high-temperature polymerized distillate is al- 
most entirely aromatic—and the volatility, of course, is 
low. The low volatility is a very desirable feature in 
many instances, inasmuch as the octane number of the 
blended gasoline for a given Reid vapor pressure may be 
very much increased without removing any butane be- 
fore blending with the polymerized stock. 

Figure 4 gives the distillation characteristics of typical 
polymer gasolines produced by various methods. The 
charging stock in all cases is a stabilizer overhead stock, 
similar in composition to that given in Table 2. 


FIGURE 4 
The data in Figure 4 bear out important factors to be 
considered when selecting a polymerization plant. 


MULTI-COIL CONVERSION SYSTEM 
A residue gas from a pressure liquid-vapor-phase 
cracking system, which is comparatively low in un- 
saturates, should be processed in a system involving 


three unit operations if the maximum yield of high 
octane distillate is desired: 


1. High-temperature—low-pressure polymerization of 
propylene and butylene. 


2. Pyroylsis of gas remaining after the polymerization 
step. 

3. High-temperature—low-pressure polymerization of 
the cracked gases. 


Let us select a typical charging stock of this type as 
found in most refineries in the form of stabilizer over- 
head gases, which contain—we shall assume—only about 
30 percent of unsaturates. By polymerizing as a first 
step, we have the advantage that we can operate under 
the most favorable temperature and pressure conditions 
for the conversion of the propylene and butylene to 
polymer gasoline. The stabilizer overhead gases are 
already under pressure and, by proper cooling, are 
liquefied as a by-product of the stabilizing operation— 
thus eliminating the installation of large compressors 
to feed the polymerization unit. Fig. 5 shows the vari- 
ous phases of operation, and indicates the essential 
equipment. 

In the primary polymerization step the charge is 
heated to the proper temperature, and enters the reac- 
tion coil which is designed to give the desired time- 
temperature effect. Cooling means is provided to keep 
the temperature within the proper limits. The reaction 
products, immediately upon leaving the coil, are chilled 
to stop any further reaction, and simultaneously are 
cooled to a temperature low enough so that heavier 
products will be dropped out in the tar separator. Gases, 
distillate vapors, and chilling medium forming the over- 
head from this separator are refluxed for end-point 
control. The total overhead passes to a cooler and ac- 
cumulator where the chilling medium, polymerized dis- 
tillate, and a portion of the gaseous constituents are 
condensed. The uncondensed gases and vapors from 
the accumulator are passed directly to the gas-pyrol- 
ysis unit. 

A portion of the condensate from the accumulator is 
used as the chilling medium previously referred to; 
and the remainder, equivalent to the condensed products 
of reaction, is pumped to the fractionating unit. In this 
unit the polymer distillate is stabilized to desired speci- 
fications, and all gaseous compounds—including excess 
C, constituents not desired in the finished distillate— 
are taken overhead form additional feed to the gas- 
pyrolysis coil. 

In the gas-pyrolysis coil the charge as recovered in 
the primary polymerization step is heated to a tempera- 
ture in excess of 1300 deg. F. A reaction time as short 
as possible is desired to prevent the unsaturates once 
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Three-Unit, Polymerization and Pyrolysis 








formed from entering secondary reactions leading to 
the formation of tar. The products of reaction are 
chilled to a temperature low enough to liquefy com- 
pounds in the fuel-oil and tar range. Gases, distillate va- 
pors, and vaporized chilling oil pass overhead from the 
tar separator to a condenser and accumulator, where the 
chilling material is condensed. The gas remaining after 
compression and cooling is charged to the secondary 
polymerization coil, and submitted to a high-tempera- 
ture—low-pressure reaction. The chilling of the con- 
version product, tar separation, condensing of chilling 
medium, is analogous to the method used in the pri- 
mary polymerization step. Since the reaction products 
contain a high percentage of hydrogen and methane, 
recovery of polymer distillate cannot be effected by 
condensation under the low operating pressure. Re- 
covery may be accomplished by compression and sub- 
sequent condensation. However, in most cases it is be- 
lieved that absorption will be more economical. All 
polymer distillate distilled from the absorption oil is 
accumulated and fed, together with the pyrolysis distil- 
late, to the secondary fractionator. The bottom product 
from this unit is stabilized to desired specifications, and 
the light overhead material is passed directly under its 
own pressure to the primary polymerization unit as 
re-cycle. 


The bottoms from the various tar separators are com- 


bined, heated, and then stripped of all fractions of gas- 
oline of boiling range. 

A unit of the type described above is very flexible, 
and insures the highest yield of distillate for charging 
stocks varying widely in composition. 


COST OF PLANTS 


It has already been mentioned that polymerization 
plants are similar in appearance and operation to crack- 
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ing plants, especially so if the cracking plant is modern 
and is equipped with gasoline-recovery and stabilization 
units. The cost of construction and operation is likewise 
very nearly the same as it is for the modern cracking 
installation. The only other worthwhile item affecting 
the cost of producing polymer gasoline or aromatics is 
the value of the charging stock to the polymerization 
unit. In this case it is a residue gas and, in general, 
its cost is measured by its heating value, since it is used 
instead of other heat-producing products such as fuel 
oil. It is safe to assume, in the majority of cases, that 
the charge gas carries a value equal to fuel oil in a 
given locality. It should also be considered that gas 
from refinery operations cannot be shipped to market, 
in most cases, without purification—and then only if 
pipe lines are available. It appears entirely fair, there- 
fore, to give the gas-charging stock a maximum value 
not exceeding heavy fuel oil. With this as a basis, it is 
found that polymer gasoline can be produced in this 
country at a cost not exceeding 5 cents per gallon at 
the present time. 

If we consider the production of highly-aromatic 
polymer distillate, it is quite evident that we have the 
cheapest source of aromatics so far made available. 
The general conclusion to be drawn, as regards the 
economics involved, is that polymerization is a very at- 
tractive commercial process for refiners to install. As 
the demand for anti-knock fuel increases, the returns 
from polymerization likewise increase. 


ACKNOWLEDGMENTS 


Grateful acknowledgment is due to H. C. Schutt, 
Karl Finsterbusch, J. W. Throckmorton, and the gen- 
eral technical staff of Alco Products, Inc., and to The 





503 





STE see MOt mee ers: 


| 



























Pure Oil Company, for their valuable assistance and 
suggestions. 


POLYMERIZATION 
Patents 
U. S. Patent 

Number Granted Inventor 

755,309 3/22/1904 Nikiforoff 
1,411,255 4/ 4/1922 Alexander 
1,777,894 10/ 7/1930 Porter 
1,800,586 4/14/1931 Youker 
Re 19,500 3/12/1935 Youker 
1,843,880 2/ 2/1932 Lewis 
1,847,095 3/ 1/1932 Mittasch 
1,847,238 3/ 1/1932 Frey 
1,847,239 3/ 1/1932 Frey 
1,847,240 3/ 1/1932 Frey 
1,851,726 3/29/1932 Pier 
1,863,212 6/14/1932 Winkler 
1,865,206 6/28/1932 Pelzer 
1,869,681 8/ 2/1932 Frolich 
1,880,189 9/27/1932 Snelling 
1,884,093 10/25/1932 Mittasch 
1,884,163 10/25/1932 Osterstrom 
1,894,255 1/10/1933 Winkler 
1,894,661 1/17/1933 Brooks 
1,900,057 3/ 7/1933 Harnsberger 
1,904,362 4/18/1933 Egloft 
1,905,520 4/25/1933 Steigerwald 
1,910,051 5/23/1933 Pier 
1,910,910 5/23/1933 Wietzel 
1,912,009 5/30/1933 Reid 
1,913,691 6/13/1933 Wagner 
1,922,918 8/15/1933 Winkler 
1,923,289 8/22/1933 Weber 
1,923,583 8/22/1933 Pungs 
1,933,574 11/ 7/1933 Watson 
1,933,845 11/ 7/1933 Egloff 
1,934,896 11/14/1933 Wagner 
1,937,619 12/ 5/1933 Winkler 
1,938,083 12/ 5/1933 Mueller-Conradi 
1,938,945 12/12/1933 Wagner 
1,940,227 12/19/1933 Plummer 
1,941,577 1/ 2/1934 Plummer 
1,945,960 2/ 6/1934 Winkler 
1,947,306 2/13/1934 Plummer 
1,960,631 5/29/1934 Ipatieff 
1,963,092 6/19/1934 Lawrence 
1,965,135 7/ 3/1934 Chesny 
1,967,269 7/24/1934 Smith 
1,967,665 7/24/1934 Feiler 
1,971,301 8/21/1934 Haeuber 
1,971,677 8/28/1934 Coxon 
1,972,926 9/11/1934 Egloff 
1,976,469 10/ 9/1934 Youker 
1,976,591 10/ 9/1934 Wagner 
1,976,717 10/16/1934 Dunstan 
1,977,659 10/23/1934 Watts 
1,980,380 11/13/1934 Burk 
1,981,819 11/20/1934 Wiezevich 
1,983,693 12/11/1934 Egloft 
1,986,238 1/ 1/1935 Winkler 
1,986,239 1/ 1/1935 Winkler 
1,987,007 1/ 8/1935 Frey 
1,987,092 1/ 8/1935 Winkler 
1,988,112 1/15/1935 Egloff 
1,988,479 1/22/1935 Brooks 
1,988,873 1/22/1935 Linckh 
1,989,425 1/29/1935 Otto 
1,991,353 2/12/1935 Plummer 
1,991,354 2/12/1935 Plummer 
1,991,593 2/19/1935 Burk 
1,993,503 3/ 5/1935 Egloff 
1,993,512 3/ 5/1935 Ipatieff 
1,993,513 3/ 5/1935 Ipatieft 
1,994,249 3/12/1935 Ipatieft 
1,994,982 3/19/1935 Cook 
1,995,136 3/19/1935 Winkler 
1,995,330 3/26/1935 Smith 
1,997,144 4/ 9/1935 Hofsasz 
1,997,145 4/ 9/1935 Herbert 
2,000,964 5/14/1935 Lenher 
2,001,906 5/21/1935 Ipatieft 
2,001,907 5/21/1935 Ipatieff 
2,001,908 5/21/1935 Ipatieft 
2,001,909 5/21/1935 Ipatieft 
2,001,910 5/21/1935 Ipatieff 
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U. S. Patent 
Number Granted Inventor 
2,002,394 5/21/1935 Frey 
2,002,534 5/28/1935 Frolich 
2,006,078 6/25/1935 Pyzel 
2,007,159 7/ 9/1935 Engs 
2,007,160 7/ 9/1935 Engs 
2,007,754 7/ 9/1935 Feiler 
2,008,468 7/16/1935 Price 
2,008,491 7/16/1935 Ebert 
2,009,062 7/23/1935 Lacy 
2,009,879 7/30/1935 Egloff 
2,009,902 7/30/1935 Osterstrom 
2,010,982 8/13/1935 Dubbs 
2,011,385 8/13/1935 Towne 
FOREIGN PATENTS 
English 

255,493 9/29/1927 Spindler 

291,137 Johnston 

327,715 Dunstan and 

Wheeler 

377,716 7/26/1932 Dunstan 

381,816 10/13/1932 Triggo 

385,981 Dunstan and 

Hague 
415,792 Watts 
Canadian 

326,759 Frey 

326,760 Frey 

330,529 rie fp. : ces 

French 
626,117 
680,038 4/24/1930 Wagner 
(catalytic aluminum chloride) 
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Thermal Conversion of . . . 
Hydrocarbon Gases to Gasoline 


N the United States there are in operation well over 

25,000,000 automotive engines which consume ap- 
proximately 1,260,000 barrels of gasoline per day. While 
there is an obvious connection between the properties 
of the gasoline, the design of the motor, and the cost 
of operation, the economics of the situation have not 
thus far given impetus to great changes in either gas- 
oline characteristics or motor design—with certain few 
expections. Moreover, while cooperation exists be- 
tween refiners and motor manufacturers to effect con- 
cordant improvements in motors and fuel, progress has 
not been rapid. The processes presently employed in 
the manufacture of gasoline, cracking, and distillation 
—while adequately meeting the present requirements— 
are for the most part carried out with little control 
over the type and content of the specific compounds 
constituting the final product. 

However, impelled both by the desire to increase 
product sales and by scientific incentive, petroleum tech- 
nologists have been actively developing new types of 
motor fuels possessing properties that are intriguing 
and attractive to the automotive designer, the motor- 
fuel manufacturer, and the motorist alike. These de- 
velopments naturally incur the use of different processes 
and, in certain cases, new raw materials. Refiners have 
long desired to employ, in the manufacture of moter 
fuels, the normally-gaseous refinery residues as well as 
natural gas, which is available in such great quantities. 
It was obvious that the successful utilization of natural 
gas for this purpose would open up a vast field in which 
the raw stock was both abundant and cheap; the use of 
refinery gas was attractive because of the natural desire 
to enhance the value of this invariable and undesirable 
result of cracking. 


RESEARCH ON HYDROCARBON 
TRANSFORMATIONS 

Research on both these types of gases indicated, first, 
the possibility of producing from them—substantially 
by controlled chemical synthesis — motor fuels whose 
performance characteristics lay entirely outside of those 
which would normally result when manufacturing gaso- 
line by conventional refinery processes. A second result 
of this work was the appreciation that these new fuels 
had potential possibilities in modifying, and probably 
accelerating, the evolution in automotive-engine design 
that gradually is taking place with resultant improve- 
ment in efficiency and performance. 

For practically two decades the technical and patent 
literature on refining has been replete with references 
bearing on this general subject of converting hydro- 
carbon gases to liquids. The published data on the 
decomposition and polymerization of the olefinic hydro- 
carbons up to 1930 has been admirably summarized by 
Egloff, Schaad, and Lowry.*® The more important data 
published on the pyrolysis and polymerization of low- 
molecular-weight hydrocarbons have been reviewed by 
the writers in the course of a general literature search 
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on this subject, and a list of references is appended. 

A mental picture of all these data inclines one to 
classify the principal processing methods reported into 
five general groups. These are: 

1. High-temperature, low-pressure gas cracking into 
unsaturates. When such a process is carried out pri- 
marily for the manufacturer of motor fuel, the cracking 
obviously must be followed by polymerization. 

Typical of this work has been that of Cambron and 
Bayley,’” * Dunstan et al.,!* 1 Frey et al.,2" * 3 Fro- 
lich et al.,** * 7° Hurd et al.,5? % 84 Neuhaus et al.,>) # 
Pease et al.,>* © © Rice,™ Sullivan.” 

2. High-temperature, low-pressure pyrolysis of satu- 
rates and unsaturates primarily to produce aromatics. 
Typical of these methods is the work of Cambron and 
Bayley,” 91 Dunstan et al.,™ 98, 99, 100, 101, 102 Frey et 
al.,!°% 1° Podbielniak,!** 14 Zanetti,!* 168 169 

3. Non-catalytic polymerization of gaseous olefins, 
as reported by Dunstan,® 1% 178 178 Tpatieff,8 1 Sulli- 
van," Wagner.””” 

4. Catalytic polymerization of gaseous olefins, as 
investigated by Gayer,”"* Ipatieff et al., 217 218 219. 220. 221 
222, 223, 224, 225 Waterman.”4* 245, 246, 247 

_5. Methods such as alkylation for affecting the com- 
bination of saturates and unsaturates, as shown by the 
work of Ipatieff et al. 

It is apparent that research on the first four general 
groups has been characterized by: a, the assumption 
that the saturated compounds are so chemically inert 
that some degree of unsaturation must be effected be- 
fore the components can be processed effectively ; b, the 
placing of emphasis on the so-called once-through opera- 
tions (work recently reported by Wagner is a distinct 
exception to this) ; and, c, the importance given to the 
production of aromatic compounds. 

The reactions in the fifth group differ from those of 
the other classifications in that: 1, it is indicated that 
under certain conditions the supposed chemical inert- 
ness of saturated compounds may be overcome and they 
may be made to act directly; and, emphasis is 
shifted, to a considerable extent, from the production of 
aromatic compounds to that of aliphatics and relatively 
stable olefins—although such a process may be operated 
to produce aromatics at a sacrifice of other character- 
istics. However, most of the data reviewed refer to 
once-through operations — although Tropsch, Wagner, 
and others have pointed out that increased yields may 
be expected from a re-cycling operation. 


DEVELOPMENT OF THE UNITARY PROCESS 


This analysis of the data disclosed little published 
material descriptive of one very interesting field, viz., 
a unitary non-catalytic process for the production 
of motor fuels from either natural or refinery gases. 
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The present discussion deals with certain results of 
cooperative effort on hydrocarbon transformations from 
which such a distinctive process for the manufacture 
of motor fuels possessing valuable properties has been 
evolved. These data do not infer that, depending on 
the constitution of the feed stock, certain other combi- 
nations involving multi-coil operation may not be de- 
sirable. One such possibility could consist of a two-stage 
process in which the charge would be first subjected to 
polymerization conditions, followed by separation of 
liquids—and a second step, consisting of substantially 
a unitary process for converting the residue. Another 
alternative would be, of course, low-pressure, high- 
temperature cracking of the feed, followed by high- 
pressure polymerization, with separation of liquids, suc- 
ceeded by a unitary process. Other combinations may 
be used as required, but it is believed that in a majority 
of cases the unitary operation will show a preferred 
economic advantage. 

Several years ago experimental data, as yet unpub- 
lished, on the reaction rates of the pyrolysis of mixtures 
of hydrocarbins obtained in the laboratories of certain 
of the companies now in the Polymerization Process 
Company group, suggested a method of attack, gener- 
ally different from those that had been proposed, in 
which the raw charging stock was to be treated as a 
liquid, rather than gas, and processed specifically in 
the highly-condensed phase. 

The factual basis for this entire development rests, 
aside from authentic published data, on the following: 
A. Single-pass runs at pressures varying from atmos- 

pheric to 4500 pounds per square inch. 

B. Re-cycling pilot-plant operations over the complete 
pressure and temperature range permitted by 
available materials of construction. 

C. Full-scale commercial operation at the Alamo re- 
finery of the Phillips Petroleum Company at 
Borger, Texas. 

D. The use of feed stocks in the above operations vary- 
ing from pure ethane, propane, and butane (and 
mixtures thereof) to the complex mixtures found 
in stabilizer reflux and absorber-oil distillates. 

Aside from leading to the inference that a unitary 
process possessing certain of the characteristics of a 
conventional gas-oil cracking operation would have im- 
portant advantages in gas cracking and polymerization, 
these data indicated the following: 

a. Gas cracking is essentially an apparent first-order 
reaction; polymerization is distinctly a second- 
order effect; and both obey the conventional 
physico-chemical laws governing such reactions. 

b. Polymerization and cracking may be effected simul- 
taneously by proper choice of conditions. 

c. The relative rates of cracking and polymerization 
may be so controlled that the required olefin pro- 
duction for re-cycling may be obtained without 
substantial naphtha degradation. 

d. Direct conjugation of saturates with unsaturates 
may be effected at reasonable rates. 

e. Liquid yields of over 14 gallons (net) per 1000 cubic 
feet of gaseous feed (60°F. and 30 inch mer- 
cury) may be obtained with either high or low 
volatility and having octane-blending values 
varying from 80 to over 120 C.F.R. motor 
method. 


RE-CYCLING PILOT-PLANT RESULTS 


In that portion of the development of the unitary 
method of hydrocarbon conversion which was carried 
out on a pilot-plant re-cycling basis, the range of oper- 
ating variables chosen was dependent on the limits 
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imposed both by the reactions inherent in the process 
and by the physical limitations imposed by the materials 
of construction available or most economical. During 
most of these runs the fractionating system of the 
pilot plant operated to afford imperfect separation of 
C, and C, constituents—and, therefore, a true re-cycling 
operation did not obtain. However, the off-gas stream 
and the cycle stock were both subjected to low-tempera- 
ture analysis, and the observed yields were calculated 
to a “net” basis to eliminate variations due to changes 
in the efficiency of the gas-recovery part of the pilot 
plant—a translation of the results that would obviously 
not be necessary in the case of a commercial unit de- 
signed for maximum operating efficiency. 

Further—because in every case investigated there 
was a net production of hydrogen, methane, and ethy- 
lene—it has been assumed, when calculating the pos- 
sible liquid production from propane and butane, that 
the former three compounds were not a source of gaso- 
line. Therefore, net yield is defined as the yield real- 
ized based upon the C, and C, fractions disappearing. 
In another part of this paper there is presented evidence 
showing direct juncture of saturates with unsaturates, 
and the assumption is made that the C, compounds 
derived from cracking propane and butane do enter 
into the reactions which result in the production of 
liquids boiling in the gasoline range. Unquestionably 
this assumption is open to doubt, but the purpose of this 
procedure was to afford no advantage to the conclusion 
that saturate to unsaturate juncture had taken place. 

A series of four pilot-plant re-cycling runs, on which 
the raw feed consisted of stabilizer reflux, are first pre- 
sented as representative of typical operating results 
(see Table 1). 


TABLE 1 
Re-cycling Operation 


| ee te ays ees ~ 772 861 903 942 
Pressure, lb. per sq. in....... 800 1200 1200 1200 
Temperature, deg. F......... 1000 1000 1100 1030 


“Net” yield, percent by weight 67.9 69.0 69.6 64.5 
Weight, percent of saturates 


$0h ; SUE MODs i. ccd p aaah ne 57.0 54.0 60.7 59.9 
Weight, percent of unsatu- 
rates in feed (net)......... 43.0 46.0 39.3 40.1 
Net yield as percent of un- 
saturates in fresh feed..... 158 150 177 161 
Gallons of liquid per 1000 cu. 
ft. net gaseous feed....... 12.78 13.10 14.40 13.5 
Gross feed, percent by volume: 
Se So bdde aces tha aes 3.4 1.9 2.4 2.0 
oS nee er cep e se. 12.2 6.8 9.6 6.5 

PRR re Pee ee 29.6 30.5 21.3 21.0 
CA 5:6 o'ntn da aokch oc aie ies 46.3 49.8 38.8 39.6 

MAA Ska <pcsencaednes 43 4.8 11.0 13.6 
Cas. Ui Shane ered tee 4.2 6.2 16.9 17.3 

Net feed, percent by weight ) 

Sth! 4 tikkabxes vacates 43.0 41.1 23.1 20.3 
eis shes ins snips itn das Seca sha 57.0 54.0 36.4 37.1 
Sh aang Reagan SRE ee era oes 4.9 16.1 19.8 
GOS heWesoet i cupenes Te Fiske 24.3 22.8 


Blending value of 400-EP 
distillate, 50 percent in “A” 
reference fuel, octane num- 
Bart. 0 Me Mies esses vue 92 90 83 88 

From these data it will be observed that: 


1. The potential yields, whether expressed as gallons of 
liquid per 1000 cu. ft, of feed measured as gas (12.8- 
14.4 gal.) or as weight percent on charge (64.5-69.6 
percent) are very high. 

2. These yields show a conversion of upwards of 150 per- 
cent of the unsaturates in the feed, thus indicating 
in the first instance concomitant polymerization of 
unsaturates and cracking of saturates; the later at 
rates which were not conventional for the tempera- 
tures employed. That some direct reaction of satu- 
rates with unsaturates undoubtedly takes place in 
such operations will be demonstrated hereinafter. 


Moreover, these runs demonstrated the feasibility of a 
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process which in effect may be considered an economic 
compromise between cracking and polymerization. 


DIRECT REACTION OF SATURATED AND 
UNSATURATED COMPOUNDS 


In other runs evidence of direct reaction of saturates 
with unsaturates had been obtained, and to test this 
deduction a series of once-through runs was made in 
which the temperatures were kept well below those at 
which cracking of saturated hydrocarbons would be 
material, i.e., 800°F. and 850°F. The charging stock 
consisted of condensibles which resulted from reform- 
ing a Mid-Continent heavy naphtha. These data are 
presented in Table 2. 


TABLE 2 
Once Through Operation 
NCI, Se igo P a Paks Bla p's Wes els 3 a te 1217-1 1217-2 1217-3 
2. Pressure #/sq. in. Ga........... 800 800 800 
3. Temperature, deg. F............. 800 800 850 
4. Charge, grams per hour........ 667 635 1327 
5. Products 
(a) Liquid, grams per hr.’...... 213 211 546 
(b) Gas, grams per hr.......... 454 424 781 
6. Unsaturates Converted, grams 
ET ected ves 044 60 ss eos 148 155 307 
7. Liquid required from Saturates, 
SE OG IS EE eee 65 56 239 
8. Potential liquid from Saturates 
if Converted to Unsaturates, gr. 
ee hah 6 owsh.ce ds 55 46 197 
9. Gas Analyses, 
grams per hr. 
Charge Product Charge Product Charge Product 
alc 2 re 1 th 
SE ae ne aes oe 1 6 1 5 2 12 
CAREY 3 5 5 4 3 9 4 
3) SS pers eters 19 14 18 17 37 13 
Ns ht eicieiel hie ¢s 155 92 148 79 309 123 
Gf Lg sha Ree 170 120 162 113 339 161 
A aa 172 109 163 109 342 228 
Sar 85 68 81 71 169 120 
SS eae. 4] 19 39 8 81 79 
PO 3. hay 19 19 18 18 39 39 


a tacludes C5+ observed in the product gas which did 

not appear in the charge gas as such. 

*100% conversion to liquids assumed. 

Chemical analyses which will detect with certainty 
saturates to unsaturates juncture are presently impos- 
sible or of doubtful accuracy. We are, therefore, forced 
to the indirect method of observed differences. In this 
series the liquid product was weighed, and the gases 
were metered accurately. To penalize to the utmost 
the idea that saturates directly combined with unsatu- 
rates, the latter-named compounds in the feed stock 
were considered to be polymerized quantitatively to 
liquids (Table 2, item 6). The difference-between these 
figures and those of item 5(a) denotes the liquid pen- 
tane and heavier which must have come from the satu- 
rated compounds, either as such or converted to unsatu- 
rates and then polymerized. To test this—it has been 
assumed that when the ethane, propane, and butane 
disappearing are decomposed thermally to completion, 
the percent by weight of unsaturates is respectively 93.4, 
79.5, and 67.5. These data and the feed compositions 
permit the calculation of item 8, which represents the 
potential liquid if the saturates disappearing were con- 
verted to unsaturates and polymerized. 

It will be noted that in each case the balance of the 
liquid required, (item 7) could not be produced by 
polymerization of the potential unsaturates which would 
be derived from the saturates, and that an appreciable 
amount of direct combination of saturated with unsatu- 
rated compounds must have taken place. Similar obser- 
vations were made quite independently in experiments 
conducted in another laboratory in pyrolyzing much less 
complex mixtures at high pressures and at temperatures 
between 1000 and 1150°F. 
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The runs reported in Table 2 were made at 800°F. to 
850°F., and at these temperatures one may expect only 
a slight thermal dissociation of the saturated hydrocar- 
bons—an effect which would, of course, increase with 
temperature. A succeeding series was run, single-pass, 
at 1000°, 1050°, 1075° and 1100°F. during which were 
obtained at 1000°F. results similar to those previously 
discussed. This was not true at the higher temperatures 
and in these latter runs it is probable that the saturates 
were cracking at a sufficiently high rate that liquid 
formation occurred predominantly through the mechan- 
ism of polymerization. 

That these results are not confined to operations in 
which the unsaturate content of the feed stock is high 
is shown by the results of run 961 (Table 3). in which 
the net unsaturate content of the charge stock was 13,7 
percent. 

It will be observed that, as in previous runs, we 
obtained a liquid yield much in excess of that which 
would correspond to the unsaturate content of the feed 
stock—here 425 percent. Obviously, all of the liquid 
could have been formed from unsaturates produced 
from saturates, but the character of the naphtha indi- 
cated reactions other than simple polymerization. 


TABLE 3 
Re-cycling Operation 
NOE AONE 2252 8 Sin Sak SE OM AE bo i Ble Res hig want wo ake 961 
Te i542,55i GR hk eh 05 98 SR OE eRe hsb ae cab dae 1,020 
PPPRGOUSE, Th POT BO, IS Sins oe a le ie ec ovens 1,200 
Feed, percent by weight: 
Gross Net 
Css 6 .46°% 66.6 62 66's o4 6 ¢ be 0&3 ® 6.80406 6) 6 a Ss 6 O66 2.5 
ME 5 ds eX tdS dare as me a2 tee esto enw 64K 7.0 48 
Sr rr re eee Sat ae 14.4 10.8 
DME < | whe caites ss xnewnn dee Eb iathenateaey 8.6 8.9 
C6 abl dtd oben uka.g' 0s GPa ey eae 67.5 75.5 
Unsaturates, percent by weight...............ccceee 15.6 
Net unsaturates, percent by weight............. Te 13.7 
Net yield, percent by weight. ..... 0.0 6.c.00csss0cc0e0%s 58.2 
Net yield as percent of unsaturates in fresh feed..... 425 
Net gallons of liquid per 1000 cu. ft. net gaseous feed 14.29 
Percent saturates converted to polymer............. 55.0 


USE OF NATURAL-GAS FEED STOCKS 

The refiner who has natural gas available is natural- 
ly interested in the yields to be obtained from such 
charging stocks which will consist substantially of C, 
and C, compounds. The results of charging a mixture 
of 60 percent of C,H, and 40 percent of normal C,H,, 
indicates what may be expected from feed stocks of 
natural-gas origin. These data are given in Table 4. 


COMMERCIAL OPERATIONS 

The practicality of the operation discussed above has 
been fully demonstrated by the polymerization unit at 
the Alamo refinery of Phillips Petroleum Company at 
Borger, Texas, which has been in commercial operation 
for an extended period of time. The operating schedule 
between clean-outs varies from 50 to 60 days. The feed 
stock has consisted largely of butanes; and, due to local 
conditions, complete re-cycling to ultimate yield has not 
been practiced. The yields, therefore, are not represen- 
tative of a unitary process. The quality of the product, 
however, compares very favorably with that produced on 
the pilot plant when processing more varied mixtures. 

The feed composition which a unitary process plant 
may be expected to process‘may vary from either pro- 
pane or butane, or any mixture of these, to a complex 
mixture of C,, C,, and C,, compounds in which the 
unsaturates amount to as high as 80 percent. The 
entire plant may be considered to be made of two prin- 
cipal parts: the polymerization unit proper, and the 
gas and cycle recovery system. The polymerization por- 
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TABLE 4 
Re-cycling Operation 
Gs DOA. side hkbniv Ree sea koe eee aes ant ierk babe cas 1,191 
eget. TB, DOS BG. Bb. a i nnicle «naa vee ap iemesisions 1,200 
NO Be ss vasa sics ha Spans oes AN ketenes 1,035 
MCE, Ss 05 ches cape en dee LARUE AD aR OKO 60 
Feed composition, percent by weight: 
5 dh oii h ab hades bide Ue ec Ud dha aie Coe ea 58.2 
a AON Ape reer e: Sat Mea Tir ye eM Meet Tee sh TyTN 41.2 
Liquid yield (net), percent by weight............... 59.0 
Raw Re-run 
Product Product 
A enn cn ok vn Nem bad eons ie 65.2 6 
ASTM Distillation in °F. 
Sisttes Weleeetnet GUNN ns 5. os aos op ace ne cee 97 112 
5 pereent: Point. fa0 k- edbk 8S ie wis oi 116 133 
SD mateent MOUNT 6.3. k. SeSN ss ss ses 122 137 
ee ER RP re Serre re 132 145 
my eRe DUE. os clas 6d aeidie dna ohne 143 156 
WO SOTCERE HOMME Oka. CS pba ee eh was 154 164 
Sy DETCOME DOME | 0 /.056 «aie edt hea wen 168 174 
OD BSCR CNG o oie ts vi wae Cewdas oo 183 187 
Pe MEE CERE DOE 755i cc ds. os od ap PON Soe 206 203 
Pe Mercent BHM (os. .i6..ssicek sve e vse bas 239 231 
ir OC SNE ays y i's a ele estes pe Le 325 281 
ie UIARG UMNO 17 igs, 2 ae 0 Gee oiled 420 306 
Mn MUNG ooo. 25 oss Galssicd ee roe 456 379 
C.F.R. motor method, octane No.* ........ 89 93 
Met YADOC PRESSUEE § 6 oo sop 55sa5 60's uae secs 10.2 10.0 





* Blending value, 50 percent in A-3 reference fuel. 


tion of the unit will usually vary with feed-stock 
composition only to the extent of arrangement of reac- 
tion-coil surface. On the other hand, the precise type 
of gas and cycle-stock recovery system to operate at 
lowest over-all cost is quite dependent on feed com- 
positions, and, therefore, will vary with this factor. 
Accordingly, in the typical flow sheet shown in Figure 1 
the gas recovery system is not shown in detail. The 
balance of the plant clearly partakes of the general 


characteristics of a conventional cracking plant—both 
as to unit pieces of equipment, materials of construc- 
tion, instruments, pumps, exchangers, etc. From heat 
and material balances the fuel consumption will vary 
between six and 10 percent of the fresh feed stock 
charged. It should be noted, moreover, that this unitary 
process can easily be made a part of either a simple 
gas-oil or reduced-crude combination cracking unit with 
consequent economies in labor, fuel consumption, etc. 


CHARACTERISTICS OF PRODUCT 


The characteristics of that part of the product of 
polymerization which boils in the motor fuel range vary 
quite widely as functions of feed-stock composition and 
operating conditions. The use of a feed stock high in 
unsaturates (65-70 percent by volume) at high con- 
versions to liquid per pass appears to result in a product 
lower in gravity and paraffin content than does one in 
which the unsaturates lie between 15 and 35 percent 
by volume. Aromatics and mono-olefins appear to be 
predominant in the product from the high unsaturated 
feed. That material resulting from the unitary-process 
operation on stabilizer reflux containing 30 to 38 per- 
cent by volume of unsaturates will have an A.P.I. grav- 
ity of 60-64° when stabilized to a Reid vapor pressure 
of 10.5 pounds. Its composition is rather paraffinic than 
olefinic or aromatic, and a considerable portion of the 
paraffins are isoparaffins. It is low in copper-dish gum, 
and has a very satisfactory induction period. Further- 
more, this product is characterized by high volatility. 
It may be treated without appreciable loss of octane 
value to low copper dish gum and a stable 30+ Saybolt 
color, with either clay or a very small amount of acid. 
The inspections of typical products from processing 
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FIGURE 1 


Diagramatic Flow Sheet of Polymerization-Process Unit. 
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various representative feed stocks by the unitary process 
are given in Table 5. gu ae 

In Figure 2 are given the distillation curves of two of 
the stocks shown in Table 6, and for a “blending poly- 
mer” reported produced by catalytic polymerization. 
Figure 3 gives the relation between C.F.R. motor-method 
octane-blending value and the percent of typical prod- 
uct blended with A-3 reference fuel. 


TABLE 5 
Pilot-Plant and Commercial-Plant Operation 








Product from Product from 





Pilot Plant Commercial 
Plant 
Stabilizer Stabilizer on Butane 
Ref'ux rire Koes 
— A Sn + a eonena) treated) 
Gravity, “API ....... Ws Seales 65.1 66.5 61.4 
ASTM Distillation in °F. 
Initial boiling point........ 100 105 95 
5 percent point..........- 117 120 114 
10 percent point..........- 123 126 120 
20 percent point.........-. 134 134 133 
30 percent point........--. 146 142 147 
40 percent point........... 156 152 163 
50 percent point........... 164 161 180 
60 percent point........-.-- 178 172 203 
70 percent point.........-. 195 185 229 
80 percent point.........-. 227 208 271 
90 percent point..........- 296 258 361 
95 percent point........... 377 298 425 
Hna Pomt ......-...2..-- 414 314 449 
C.F.R. motor-method 
octane No. ......cseeeeeees Fok ae 79 
C.F.R. motor-method octane 
No. (Blending Value)’..... at 90 
Reid vapor pressure........ . ii apa 
Color . “ Ek Oasis, os dpid a Hi ‘es 30+ 30+ 
Color after 8 hours inthe sun. .... 30+ Ae 
Copper-dish gum, grams ....__-.- 10.4 eee 
ENGIN 6 ok oes ccies et ssc eee ay 120 min. 








1 Cut to 329 EP before clay treating. Treating loss, 1 percent. 
2 Blending value 50 percent in A-3 reference fuel. 
ECONOMICS OF THE PROCESS 

A detailed analysis of this subject would require the 
presentation of process realization statements repre- 
sentative of the wide range of feed stocks to which 
the process is applicable. Several of these have been 
worked out, and the results are generally indicative. 
It is almost obvious that the three principal factors are 
cost of feed stock, operating utilities, and cost of plant. 
It appears to be current practice to appraise the charg- 
ing stock at equivalent fuel value on a B.t.u. basis. The 
type of plant is substantially that of a cracking unit, 
with a highly-efficient gas-recovery and stabilization 


TABLE 6 
Operating and Realization Statement 


Operating Cost per Calendar Day: 


Operating labor ...........-.ee eee rece e eres $80 
Operating supplies ............:.eeee sere eens: 5 
Te apace cede eenes 137 
Fuel, at 80 cents per barrel* ..............+-+-- 243 
Steam, at 30 cents per 1000 pounds............-. 23 
Power, at % cent per kwh............----- eee: 412 
Water, at one cent per 1000 gal. (85°)........ 117 
General refinery expense ..........-.ee eee eens 30 

Total per calendar day..........--..-.eseeeeee $1,047 


*Re-boiler heat for absorption system not included. 
Refinery waste heat used. 


Debit: 
Net gaseous charge at 80 cents per bbl. of fuel 
OQUivalent . 0.2.2... cece eee e eee eees 1,552 
Direct operating cost .......... 6. eee ee eee e eens 1,047 
ONE occ p er cdedscndeacenetsorscessdos 818 
SIRENS SES a ern a ee ee eet eer $3,417 
Credit: 
Gas oil at 1.30 per bbl. (232 bbl.)............... 301 
Manufacturing cost ...........2.. esse eeeeee $3,116 
Net gasoline produced, 2100 bbl. (88,200 gal.) 
Manufacturing cost, per gallon............ 3.53 cents 
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system. All of these figures will vary with location. An 
indicative figure, however, can be given of one specific 
case. This plant, assumed to be located in the south 
Mid-Continent area, was designed to handle 25,000,000 
cubic feet of refinery gas per stream-day containing 22,3 
volume percent unsaturates. The gas was valued at the 
equivalent of 80 cents per barrel of fuel oil. The 
value of liquid product other than motor fuel was placed 
at $1.30 per barrel. A condensed operating and realiza- 
tion statement is appended as Table 6, which shows 
the over-all operating cost to be 3.5 cents per gallon of 
gasoline produced. 
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Fundamental ... Chemical and 
Physical Forces in Lubrication 


G. L. CLARK, R. R. STERRETT, 
Continental Oil Company 


and 
B. H. LINCOLN, 


University of Illinois 


URING the past few years more and more at- 

tention has been directed by chemists and 
physicists to the study of lubrication. The former 
have attempted to determine the relationships exist- 
ing between the properties of a lubricating oil and its 
chemical components. The latter have endeavored 
to elucidate the mechanism of lubrication. Recent 
investigations have involved the application of chem- 
istry and physics toward the solution of practical 
lubrication problems. 

The chemical and physical forces involved in 
boundary lubrication have been treated at great 
length in the literature, but the subject is not yet 
perfectly understood. While the theory of viscous 
lubrication, based on hydro-dynamic laws, is well 
developed, the action of physico-chemical forces in 
this connection has not been fully realized. This pa- 
per will consider the nature of the forces emanating 
from metal surfaces and from various types of mole- 
cules found in and added to lubricants. An under- 
standing of these forces and their profound influence, 
under both viscous and boundary conditions, is es- 
sential to the fundamental theory of lubrication. We 
propose to control and direct these physico-chemical 
forces to the improvement of both types of lubrica- 
tion. For this purpose the addition of certain chlori- 
nated esters of long-chain fatty acids and short-chain 
monohydric alcohols serves very satisfactorily. 


VISCOUS AND BOUNDARY LUBRICATION 


Lubricants are applied to the moving parts of ma- 
chinery to keep the rubbing surfaces from coming 
into contact and causing high friction or seizure of 
the metals. In practical lubrication, two distinct 
types of conditions are encountered. If the rubbing 
surfaces are completely separated by a comparative- 
ly thick film of oil, the lubrication is designated as 
“viscous.” If the lubricating film is extremely at- 
tenuated, the type of lubrication is referred to as 
“boundary,” in which case the rubbing surfaces are 
in approximate contact. The designing engineer aims 
at perfect viscous lubrication without attaining it, 
and cannot avoid encountering boundary conditions 
in the practical use of mechanical devices. 

Viscous lubrication is essentially kinetic, and can 
be realized only when the relative motion of the sur- 
faces is sufficiently great to form a lubricant layer 
of appreciable thickness between the moving sur- 





HIS paper considers the nature of the forces 
emanating from metal surfaces and from vari- 
ous types of molecules found in and added to 
lubricants. X-ray diffraction methods are used to 
study the orientation of polar molecules on metal 
surfaces, the thickness of such films, the regimen- 
tation of polar molecules in lubricating-oil solu- 
tions, and the protection of metal surfaces from 
wear by such adsorbed oriented polar molecules. 
The work of the authors confirms conclusions from 
the literature that the extent of the fields of force 
between metal surfaces and polar lubricants is 
many times greater than mono-molecular dimen- 
sions and approaches, if it does not exceed, the 
distances between surfaces in viscous lubrication. 
Highly-polar molecules, such as the esters of chlor- 
inated aliphatic acids and monohydric alcohols, 
have a powerful effect on the formation of ad- 
sorbed films in boundary lubrication and the mole- 
cular regimentation in viscous lubrication. 
This paper was presented at Sixteenth Annual 
Meeting, American Petroleum Institute, at Los An- 
geles, November 13, 1935. 











faces under suitable conditions of loading, viscosity 
of oil, temperature, speed and, to some extent, the 
nature of the oil. When all of these conditions are 
satisfied, the friction is due almost entirely to the 


viscosity of the oil and the physico-chemical attrac-/ 


tive forces between the rubbing surfaces and the 
lubricant. Under viscous-lubrication conditions, there 
can be no metal-to-metal contact; therefore, there 
should be no wear or seizure of the metal surfaces. 

In boundary lubrication, friction is independent 
of the speed (only within certain limits) and is a 
function of the load and of the chemical and physical 
relationships between the rubbing surfaces and be- 
tween the surfaces and the lubricant. Before pass- 
ing to a discussion of the physics and chemistry of 
this state, it may be of interest to note that boundary 
lubrication mist appear in all cases where the speed 
of rubbing is too low, the oil viscosity is too low, 
or the load is too great to permit the formation and 
persistence of a thick layer of lubricant. 

In engineering practice, boundary-lubrication con- 
ditions may obtain: 

1. At the moment of starting a machine from rest. 

2. During the extreme. slowness of the moving 
parts just immediately prior to stopping. 

3. In reciprocating and rocking motions. 

4. With rapid fluctuations of speed or load (shock 
pressure) which tend to bring the metal surfaces 
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momentarily within their range of effective attrac- 
tion. 

5. When the original viscosity of the lubricant is 
too low or is excessively reduced by heat. 

6. With an inadequate supply of oil. 


OILINESS 


Friction is obtained in both viscous and boundary 
lubrication. Ewing’ was probably the first to realize 
the factors contributing to friction in boundary lub- 
rication, and Kingsbury? * considered this concept in 
his early work. 

Many subsequent investigators **? have contrib- 
uted to our fund of knowledge of the special char- 
acter of a lubricant which causes differences in the 
friction when one lubricant is compared to another 
of the same viscosity under identical conditions. 
“Oiliness” has been conceived as responsible for the 
difference in friction. 


This definition proposed for oiliness is based upon 
the historical concept as a friction-reducing property 
only. There is no known established relationship 
existing between oiliness, wear, and seizure. It does 
not appear that the terms “wear” ad “seizure” have 
yet been satisfactorily defined, or that the elementary 
factors entering into these phenomena have been 
systematically investigated. Other things being 
equal, a lubricant of superior oiliness will develop 
less heat in use, and to that extent conditions will 
be favorable for reducing wear and preventing sei- 
zure.** By controlling the physical and chemical 
forces involved in lubrication, it is possible to ob- 
tain reduced friction (increased oiliness) and also 
greatly to minimize metal loss from rubbing surfaces 
by wear or seizure. 


Friction between smooth, polished surfaces is 
caused by the unbalanced forces of molecular attrac- 
tion acting across the interface. By placing a lubri- 
cant between the surfaces, these unbalanced forces 
are completely neutralized in perfect boundary lub- 
rication; while in perfect viscous lubrication, the 
rubbing surfaces are separated by the liquid oil be- 
yond their effective fields of force. 


POLAR MOLECULES 


Molecules of ordinary hydrocarbon lubricants are 
not sufficiently physico-chemically active to neutra- 
lize the unbalanced forces acting at metal surfaces. 
However, molecules which contain an atom or group 
of atoms exhibiting secondary or residual valence— 
which are known as polar molecules—are able to 
neutralize these unbalanced forces. This is accom- 
plished by means of the polar groups present in the 
molecules, which are attracted by the forces of the 
metal surface resulting in a regular orientation of the 
molecules with respect to the surface. This ability 
to orient seems to be an inherent property of polar 
molecules given the proper conditions of molecular 
mobility. 

The orienting and adhesive character of polar mole- 
cules has been demonstrated by the works of Mar- 
celin,** Devaux,** Langmuir,” Adams,*® and Woog."® 
They show that, in the spreading of organic liquids 
on water, strong selective forces reveal themselves 
in a preferred attraction by the water for quite defin- 
ite atoms or groups of atoms of the organic liquid. 
Thus, for example, water exerts an especially strong 
attraction for terminal hydroxyl, carboxyl, and other 
Oxygen-containing groups in organic compounds. 
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By these specific selective forces of attraction, the 
surface films of organic molecules are anchored to 
the water sub-stratum. 


The same authors have shown entirely analogous 
relationships in the spreading of liquids on solid sur- 
faces. It-has been shown, for example, that the car- 
boxyl group displays an especially strong attraction 
for metal surfaces. In order to prevent metal-to- 
metal contact in lubrication, the film must be so firm- 
ly bound to the rubbing surfaces that it withstands 
the action of pressure and shearing forces which seek 
to crush, tear, or squeeze out the film. By virtue of 
their active polar groups, certain molecules are not 
only concentrated at the boundary surface, but are 
also fixed there by strong forces. This adhesivity of 
the polar film and the viscosity of the lubricant are 
in no way related. Karplus** has found that certain 
non-viscous oils adhere to a definite boundary sur- 
face much better than a viscous oil—which has been 
confirmed by our work. 


From the specific nature of the mutually-attractive 
forces between the lubricant and the metal surface, it 
follows that the strength of the attraction depends 
not only on the polarity of the lubricant, but also on 
the physical and chemical nature of the metal sur- 
face. The polarity of the lubricant, and the kind and 
strength of the specific forces of attraction emanat- 
ing from the metal surface, determine the stability 
of the adhering film. Long-thain polar molecules 
are firmly rooted with their polar ends on the rub- 
bing surface, with their free ends projecting into 
the lubricant layer and their chains parallel. 


FILM CHARACTERISTICS 


Many have assumed that the effective sphere of 
action of polar molecules is always very small; i.e., 
that the mutual attraction of these molecules can act 
only through small distances. The work of Freund- 
lich and others has made the existence of far- 
reaching forces of attraction appear plausible. The 
work of Hardy,’® and his co-workers, on adhesion 
has proved with certainty that forces of attraction, 
extending actually through an unexpectedly large 
circle of action approximating 20,000 Angstrom units 
(A. U.), emanate from solid boundary surfaces. 
Kingsbury found that the hydrodynamic laws of vis- 
cous lubrication apply to a film as thin as 6,250 A.U. 
(vide Hersey”*). The molecular forces of attraction 
which originate in the solid boundary surfaces are 
thus not limited to the layer in direct contact with 
the metal, but are extended far into the interior of 
the lubricant layer. Trillat’® has found such power- 
ful fields of attraction between metals and polar com- 
pounds that laminated structures of 400-500 molec- 
ular layers are formed, which in the case of long- 
chain fatty acids would give a film thickness of 9,000 
A. U. or more. Tausz and Szekely,”* by capacitance 
methods, have shown films of 12,000-A.-U. thickness 
with non-polar compounds which ruptured under 
stress, but polar films as low as 1,100-A.-U. thick- 
ness which did not rupture under the same condi- 
tions. Therefore, it is seen that three independent 
investigators have found film thicknesses of compar- 
able magnitude. 

Karplus® concluded that the forces of attraction 
act between the metal surface and the polar groups 
in the lubricant to form an oriented film, as repre- 
sented in Figure 1, and to determine the resistance 
to separation of the adhering film from the metal 
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surface. 
hydrocarbon chains to each other (as will be dis- 
cussed later in connection with Figure 1-B), in terms 
of the work necessary to separate them, were cal- 
culated from the approximate molar-cohesion values 
of Meyer**—and amount, for example, of about 17,000 
calories for an unsubstituted fatty acid of 18 carbon 


The forces of attraction which bind the 


atoms. These forces of attraction are determining 
factors for the pressure stability of the film, i.e., for 
the resistance which the lubricant layer sets up 
against the forces acting perpendicularly to the solid 
boundary surfaces. The work necessary to sepa- 
rate the carboxyl planes amounts to about 9,000 cal- 
ories per gram-mole for unsubstituted fatty acids, 
and more in acids in which hydrogen close to the 
carboxyl group has been substituted by strongly 
polar atoms or groups of atoms. To overcome the 
forces in the cleavage or methyl plane requires only 
about 1,790 calories per gram-mole. This explains 
the outstanding sliding capacity of the lubricant 
along the cleavage plane. 


PHYSICO-CHEMICAL FORCES IN VISCOUS 
LUBRICATION 
Herschel“ has emphasized the influence of the oil, 
and particularly of the bearing metal, on the co- 


efficient of friction. He shows that this is a joint 
property of the oil and the metal forming the rub- 
bing surfaces. 

Becker*’ recognized the early interest in surface 
action between lubricants and metals as it pertains 
to boundary lubrication, and stated that the influence 
of surface forces is also of vital importance in viscous 
lubrication. He concluded: “Thus the thickness of 
film developed in a bearing depends upon the speed, 
load, viscosity of the lubricant at the working tem- 
perature, and upon four constants— the latter being 
dependent upon the oil and the bearing surfaces used. 
In other words, surface action plays a very import- 
ant part in the development of viscous lubrication 
.... These experiments demonstrate, therefore, that 
the thickness of oil film developed in a given bearing 
under definite operating conditions depends on sur- 
face action as well as viscosity.” 

Gilson** shows that the kind of metal in the rub- 
bing surfaces has a strong influence on the coefficient 
of friction. His work was done with a set of bear- 
ings operated under conditions to give as nearly per- 
fect viscous lubrication as is possible to obtain. 
Viscous lubrication was obtained in these experi- 
ments by a speed of 2,000 r.p.m., a load of only 10 
pounds per square inch of projected bearing area, 
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and an abundant oil supply. All variable factors, ex- 
cept composition of bearing surfaces, were kept con- 
stant. Varying the composition of metal surfaces 
gave differences in coefficient of friction of 53 per- 
cent. This is contrary to the hydrodynamic theory 
of viscous lubrication, which says that under con- 
stant load and speed the only factor affecting the co- 
efficient of friction is the viscosity, i.e., that the co- 
efficient of friction should always be entirely inde- 
pendent of the kind of metal in bearing surfaces. 

Since the coefficient of friction in viscous lubrica- 
tion does vary with the type of metal in the rubbing 
surfaces, the magnitude of the fields of force around 
the metal surface must play an important part. Ob- 
viously, ordinary non-polar lubricants do not saturate 
these fields of force to allow a constant coefficient of 
friction with constant viscosity. We find that strong- 
ly-polar compounds in a lubricant, such as the 
chlorinated esters, do neutralize these fields of force. 
Fufthermore, the X-ray evidence presented later will 
show that such polar compounds as the chlorinated 
esters actually produce a more or less complete reg- 
imentation of the molecules in the liquid body of the 
lubricant between the rubbing surfaces. This regi- 
mentation, or “cybotaxis,” is sufficiently strong that 
the disturbing influence of temperature increase— 
which tends toward a chaotic molecular arrangement 
—has little or no effect for reasonable increments 
of temperature. This arrangement gives the cleav- 
age planes which promote sliding and, thus, tend to 
reduce friction. 

The neutralization of the fields of force of rub- 
bing surfaces by polar molecules and the regimenta- 
tion of the molecules in the liquid lubricant may ex- 
plain, in part, the above anomalous coefficients of 
friction in viscous lubrication. 

The physico-chemical activity at the rubbing sur- 
face in boundary lubrication, and in the liquid body 
in viscous lubrication, may be different in degree, but 
not in kind. This particular phase of viscous lubri- 
cation is being further investigated. 


PHYSICO-CHEMICAL FORCES IN BOUNDARY 
LUBRICATION 


_-As there is no simple and direct method of measur- 
ing the physico-chemical forces under conditions of 
boundary lubrication, many devices and methods 
have been developed to study the effects of such 
forces. Probably the most commonly used are the 
various methods of determining the coefficient of 
friction under boundary conditions. These measures 
the oiliness of lubricants and, therefore, give meth- 
ods of directly comparing film-forming properties 
of polar compounds in lubricants. 

Oiliness can be measured in any device capable of 
being loaded to thin-film conditions and equipped to 











TABLE 1 
Static Coefficient of Friction by Inclined Plane 
Average 
Coefficient | Decrease 
Series ADDITION AGENT of Friction | (Percent) 
Without Changing Surfaces for 
Check Tests: 
l None (mineral oil)................. 0.255 ae 
2 1-percent chlorinated ester.......... 0.226 11.4 
3 0.5-percent oleic acid............... 0.207 18.8 
Changing Surfaces for Check Tests: 
4 None (mineral oil)...............+.- 0.275 ee 
5 1-percent chlorinated ester.......... 0.246 10.5 
6 0.5-percent oleic acid............... 0.209 24.0 
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measure friction or resistance to motion. Friction is 
measured under two conditions: “static,” which is 
the resistance to starting of stationary surfaces; and 
“kinetic,” which is the resistance to motion of mov- 
ing surfaces. 

Hardy’s’® method for static coefficient of friction, 


_ with its slider and inclined plane which can be set at 


varying angles, has been widely used by investiga- 
tors. Table 1 shows some of our results by this 
method. The value given for each series is an 
average of 30 tests. The plane and balls were thor- 
oughly cleaned with petroleum ether and alcohol be- 
tween each series of determinations shown in the 
table. The check determinations shown in the first 
part of the table were made without changing the 
contact surfaces, but the surfaces were changed be- 
tween each check shown in the second part of the 
table. Our experience has shown that the degree of 
polish and cleanliness of the bearing surface has a 
great influence on the results. 


The Almen machine *® may be used to obtain the 








TABLE 2 
Static Coefficient of Friction with Almen Machine 
Coefficient | Decrease 
of Friction | (Percent) 
pee Pb SS nine wer Srey sp a 0.215 ois 
Oil plus 0.75-percent chlorinated ester........ Reai 0.194 10 
Oil plus 0.5-percent oleic acid. ........-..-ee sees 0.200 4 











static coefficient of friction by determining the 
“break-away” torque or the force required to start 
rotation. Table 2 compares the static coefficient of 
friction as determined with the Almen machine 
(steel-to-steel) for an SAE-30 mineral oil, and the 
same product blended with 0.75 percent methyldi- 
chlorostearate and with 0.5 percent oleic acid, respec- 
tively. 

We have found a simple modification of the Almen 
machine to be of value in the chemical laboratory in 
showing the relative oiliness of various compounds. 
This hand-operated device uses a steel split bushing 
and a brass pin as rubbing surfaces and a spring- 
loaded torque scale. Under a load of 3,000 pounds 
per square inch of projected bearing area, the start- 
ing torque with a mineral oil and with a given com- 
pound in the same oil is determined. The reduction 
of the torque of the mineral oil by a number of com- 
pounds compared with their Timken film strength is 
given in Table 3. 




















TABLE 3 
Effect of Polar Compounds on Starting Torque 
Timken Decrease 
Film in 
Strength Torque 
No COMPOUND ADDED (Pounds) (Percent) 
1 Teichiodirtemetae soi. Sas is se hws 050 NS 125.0 74.1 
2 Methyldichlorostearate.............0005 28.0 60.9 
3 ee.” Fa Soar Pere ae 64.0 20.0 
4 Ethyldichlorophthalate................. 38.0 24.0 
5 PHICMGCORMIBONS soo 's5 5c st n'a iS A EP oe 13.8 30.4 
6 | REE Pere rer rei 10.3 33.3 
7 DME MMIII, 5 usc dla 05 ¢ cvad's bale bn sie ne 8.8 4.5* 
8 o-Chiorophenetole.......csesccccssccees 14.8 8.0* 
* Increase. 


From the table it will be noted that there is no 
direct relationship between film strength and oiliness 
as measured by starting torque. The presence of an 
element such as chlorine in the molecule does not 
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necessarily decrease the torque. Since the torque 
varies with the load and metals used, this test is of 
value to indicate trends rather than absolute values. 


MEASUREMENT OF KINETIC COEFFICIENT 
OF FRICTION 


The measurement of the kinetic coefficient of fric- - 


tion may be determined on the Herschel machine.* 
Table 4 gives the coefficient of friction between steel 




















INTERFACIAL TENSION 


Another method of studying the physical and 
chemical forces in lubrication involves the measure- 
ment of interfacial tension between the lubricant and 
either a metal or water. This may be measured in 
a number of ways. For example, we employed a 
drop-weight method for determining interfacial ten- 
sion between mercury and an SAE-30 mineral oil and 
the same oil with certain polar addition agents. The 
capillary was constructed to deliver five drops of 
mercury each three minutes. Check determinations 
were hard to obtain until the proper technique was 
developed. The total weight of 100 drops was used 
to determine the average weight of one droplet. The 
difference in density of oil and mercury is so great, 
compared to slight changes in the oil density due to 
the incorporation of the polar compound, that this 
variation may be neglected. Table 7 shows the re- 


TABLE 7 


Interfacial Tension of Mercury Against Oil by 
Drop-Weight Method 





TABLE 4 
Effect of Metal on the Kinetic Coefficient of Friction 
COEFFICIENT OF FRICTION 
Oil With 
Dencine | Pasteme— Mineral 0.5 Percent | Decrease 
Steel Oil Oleic Acid | (Percent) 
ee a ies na wd 0.150 0.101 33 
SSS, 0.097 0.110 11* 
rk Be 8 ann don aciaibwn.didia wie 0.162 0.094 42 
ee EE eee 0.173 0.176 2* 
Os i. i odd wc cedeccces 0.136 0.126 7 
a yt NL ka oe ae Kuso «2 0.154 0 145 6 
AS ee eee 0.180 0.140 22 
Teens UES T as a ewe tknie be bn 66 0 « 0.182 0.125 31 
eS ae ss os 0.133 0.122 8 
* Increase. 


and various metals when using an SAE-30 mineral 
oil and the same oil blended with 0.5-percent oleic 
acid. It will be seen that there is a wide difference 
in the coefficient of friction obtained by the polar 
oleic acid on the different metals. 

The Almen machine may also be used for measur- 
ing the kinetic of coefficient of friction. Table 5 gives 
the effect of the load in pounds per square inch of 











TABLE 5 
Effect of Load on the Kinetic Coefficient of Friction 
COEFFICIENT OF FRICTION 
Oil With 
0.75 Percent 

Mineral Chlorinated | Decrease 

LOAD (Lbs. per Sq. In.) Oil Ester (Percent) 
RUMEN. eC a Cus kere se Uae cco ox 0.269 0.153 43 
RE aed. oa bina k ip'ea Ona « 0.288 0.135 53 
reek d'e c's eee bee de cv cals 0.259 0.134 50 
MIE ilisbian weeds ty cleo cia 0.243 0.128 47 
a TEs ters atthe vie. Waes 6454 0.240 0.125 48 
ERED SS eee Seized 0.124 ala 














projected area for mineral oil, and the same oil con- 
taining 0.75 percent of methyldichlorostearate with 
steel-to-bronze surfaces at 1.2 r.p.m. It will be seen 
that the coefficient decreases slightly with the in- 
increase in load. Table 6 shows the results obtained 


TABLE 6 
Effect of Speed on the Kinetic Coefficient of Friction 








COEFFICIENT OF FRICTION 
ee a ae ele bo G0 0000 0.5 600 1,800 
Load—1,000 pounds: 
ES AREER ES ARS ae 0.230 0.241 0.289 
Oil _— 0.75-percent chlorinated 
Raed Sas oy em 6 o'n e's 0.192 0.192 0.249 
hasta 000 pounds: 
ls Sal Sid hs an b 6p .0'0 6 a0 0.269 Seized Seized 
Oil with 0.75-percent chlorinated 
CG Da iw Welk els bik > iS e000 s 0.207 0.162 0.085 














by variable speed. The increase in the coefficient of 
friction with speed under the 1,000-pound load in- 
dicates viscous lubrication. The decrease in the co- 
efficient of friction with speed under the 5,000-pound 
load shows the effect of the polar film under condi- 
tions of boundary lubrication. 








Weight of 
Droplet of 
Mercury 
(Grams) 
Oil with 5 Percent of: 
NS hn Sacto ald waves da < ce 6 Face Seiad 04 Led Ne kn oes 0.206 
EE EINE TREES TT OT ATE Re OP 0.192 
I rE Vo G xvod olde + Onda deals beled ey «edd oad te 0.191 
Ra la aie et ban hina Big 2 no, 6, sche eioneranh Laan 0.190 
Monochlorodiphenylene oxide. ................0cceececccees 0.186 
SN CUO son oc 6s cis debs e cb es rcccddescs dpeiedee 0.186 





sults obtained. The decrease in the average drop 
weight corresponds to a similar decrease in inter- 
facial tension between the oils and mercury. 

The interfacial tension between mercury and the 
various blended oils, even though in favor of the use 
of addition agents, does not give a complete picture. 
Different results would be obtained with the same oil 
blends on other metals because of the differences in 
the nature and magnitude of the fields of force at the 
surface of various metals. Since the other metals are 
not liquid at reasonable working temperatures, this 
method cannot be employed—and is, therefore, of 
little practical value. 


CAPACITANCE METHOD 


Tausz and Szekely*”? determined, by capacitance 
methods, the thinnest film which is stable under 
certain conditions. Since the imperfections of two 
highly-polished flat metal surfaces prevent uniform 
separation by a lubricant layer, they used a cleaned, 
oiled steel ball immersed in clean mercury. They 
found that very tough thin films could be obtained 
with polar vegetable oils and lubricants. For ex- 
ample, the films of non-polar oils of less than 5,000 
A.U. would break in two days, while polar oil films 
300-1,000 A.U. in thickness were very resistant and 
did not break under equal stress for 65 days. ‘The 
results show that the force with which lubricants are 
attached to metal surfaces depends on the type of 
polar molecules present. A good lubricant should 
contain compounds with sich properties, although 
all polar molecules are not satisfactory as addition 
agents. 

OIL ADHESION 


Parrish and Cammen* define “oiliness” as “adhe- 
sion”; and claim that their “Adher-O-Scope,” by 
measuring the amount of oil adhering to a metal 
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drum after rotation at high speed, is a measure of 
this characteristic. Since some metals are permeable 
by oil as shown by Gill,** the Sperry-Cammen tester 
would not distinguish between the polar affinity of 
molecular layers and simple absorption of the oil by 
the metal. 

HEAT OF WETTING 

When certain polar liquids are brought into con- 
tact with metals, the neutralization of the mutual 
attraction between the polar molecules and the metal- 
surface molecules usually results in the evolution of 
heat. The total heat of wetting is dependent on the 
total metal surface. Since a solid metal surface does 
not have sufficient area to give a measurable heat of 
wetting, a powdered metal is used. The surface 
area is difficult to determine with any degree of ac- 
curacy when a powder is used; hence the data in- 
dicate only the relative forces with which the polar 
molecules attach themselves to metal. 

The heat of wetting has been employed to com- 
pare the lubricating efficiency of different lubricants. 
Assuming that this characteristic is a measure of the 
adhesivity of the lubricant for the metal surface and 
that no chemical action takes place, then the best 
lubricants should have the highest heat of wetting. 
While it would be possible to have a negative value 
with a positive free energy of wetting, as a rule the 
heat of wetting runs roughly parallel with the adhe- 
sivity—just as the heat of chemical reaction often 
runs parallel with chemical affinity. 

Bachmann and Brieger* studied the heat of wet- 
ting obtained by treating certain lubricants with 
freshly-prepared copper powder. Following their 
technique, we obtained data on additional substances 
which are shown in Table 8. The heat of wetting is 
reported as the number of calories produced per 100 














TABLE 8 
Heat of Wetting of Oils on Powdered Copper 
HEAT OF WETTING 
IN CALORIES 
Bachmann 
and 
POLAR COMPOUND IN OIL Brieger Authors 
OS CO REET PRMD. 8 i, Hae ce ay ON att ag = 3.8 2.8 
MPC COME. ose snk enlnig ogee ws hee oad 22.0 36.0 
ef OE SEE OMG MSE EEN CONG UNM Sime 12.4 ian 
OE ON a. sis nf skinner as cea a co te aeih 14.4 Oe 
Methyidichlorostearate... 5.6... .ccc cscs sc sceee dag 12.8 











grams of copper for each percent of the polar com- 
pound.in the oil, when a sufficient quantity is em- 
ployed for wetting. Lubricants containing polar 
compounds show a higher heat of wetting than re- 
fined straight-hydrocarbon lubricants. 

All the above methods of investigation pertaining 
to the effect of physico-chemical forces between polar 
molecules and metals have contributed to our gen- 
eral knowledge of film lubrication. These methods 
of test do not give any information whatever con- 
cerning the structure and dimensions of the oriented 
film. We have used X-rays for the study of these 
films and their characteristics. 


X-RAY INVESTIGATIONS OF EFFECTS OF 
PHYSICO-CHEMICAL FORCES IN 
LUBRICATION 
_ The early use of X-rays in studying the character- 
istics of fatty-acid films on metal surfaces led us to 
the consideration of X-rays for the general study of 
polar compounds in viscous and boundary lubrica- 
tion. We found it necessary to develop new meth- 
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ods and new technique of applying X-rays to the 
problem. These new developments will be reported 
by the authors elsewhere, 

Bragg,’* Trillat,? and Mueller and Shearer*’ ob- 
served from X-ray patterns the peculiar properties of 
fatty-acid films which could be used to account for 
their beneficial properties when added to a mineral 
oil. Trillat proved, by making X-ray photographs 
of fatty acids adsorbed on metal plates, that polar 
compounds orient directly and spontaneously on 
metal surfaces. 


FUNDAMENTAL CONCEPTS 


In the interpretation of X-ray photographs certain 
fundamental concepts must be kept in mind. Some 
polar molecules orient so systematically that their 
thin-film structure is quite regular—and the entire 
film behaves as a diffraction grating in the same 
sense as any single crystal. By analogy with the 
X-ray study of crystals, similar studies have demon- 
strated that these polar molecules orient themselves 
in definite fashion side by side. The long-chain polar 
molecules also orient in an end-to-end fashion, the 
degree of which is measured by the number and 
shortness of the diffraction arcs. This may be illus- 
trated by a stack of carpets, each carpet represent- 
ing a parallel plane and the pile of the carpet repre- 
senting the molecules standing perpendicularly to 
these planes. : 

4 schematic portrayal of the molecules in the film 
is shown in Figure 1. The vertical lines represent 
the hydrocarbon chains; the dots at the end of the 
lines, the polar groups. The circles are used to desig- 
nate the interlocking fields of force. In the primary 
film the polar groups are directed toward, and firmly 
attached to, the metal surface, m, by virtue of their 
marked affinity for it. The hydrocarbon chains are 
arranged parallel to one another. When a first layer 
has been formed on the metal surface, a more or less 
homogeneous surface is produced by the free ends of 
the adsorbed molecules, which serves as a foundation 
for the formation of a second layer of attracted polar 
molecules. In this way many layers of adsorbed 
molecules may be formed on a metal surface, al- 
though the force which serves to bind the molecu- 
lar layers decreases progressively as the distance 
from the surface increases. The polar groups stand- 
ing opposite each other are bound firmly in conse- 
quence of their strong affinity. In the planes of the 
methyl groups the mutual forces of attraction, as 
previously shown, are very slight on account of the 
small affinity between these groups. In these planes, 
therefore, sliding can result with minimum friction. 

The polar compound may act in a number of dif- 
ferent ways in building this film. Figure 1-A shows 
how a long-chain weakly-polar compound, such as 
methylstearate, builds a film with the polar end of 
the first layer of molecules attached to the metal sur- 
face and all the single molecules in the succeeding 
layers oriented in the same direction. Molecules of 
fatty acids, such as stearic acid, orient as shown in 
Figure 1-B, with the first layer arranged mono- 
molecularly on the metal surface like methylstearate. 
The succeeeding layers are built with a double 
molecular unit, which is formed by the association 
of two molecules because of the high polarity of the 
carboxyl groups. These molecular arrangements are 
referred to as single and double, respectively. 

The type of film formed by chlorinated esters is 
shown in Figure 1-C. The circles on each of the 
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hydrocarbon chains near the the carboxyl end repre- 
sent the fields of force of the two chlorine atoms on 
the alpha carbon. These fields of force magnify the 
total degree of polarity of the molecule. By the in- 
troduction of the two chlorine atoms, the weakly- 
polar methylstearate becomes more active physico- 
chemically than the stearic acid, and displays a 
double molecular arrangement similar to stearic acid. 

If the chlorine atoms are placed on the chain near 
the middle, they detract from the fields of force 
around the carboxyl group—and cause the molecule 
to act quite differently. Probably in this case the 
long-chain molecule is weakly attached to the metal 
surface at the carboxyl end at the point of chlorine 
introduction, rather than strongly at the carboxyl 
end only. . 

The planes, s, shown in Figure 1-B and 1-C are 
the slippage planes which are not present in Figure 
1-A—because, with the single-molecular arrange- 
ment, there is no plane in which the methyl ends 
of the molecule are in contact. The planes, p, have 
the maximum electron-density concentration, and are 
the diffraction planes for the X-ray beam. 


X-RAY DIFFRACTION 
The diffraction of an X-ray beam by oriented ad- 
sorbed layers on a metal surface is shown diagram- 
matically in Figure 2. The planes of diffraction, p, 
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are the planes of maximum electron density as 
shown in Figure 1. If a monochromatic X-ray beam 
is passed through the film at the angle 9 to the dif- 
fraction planes, p, the elements of the beam A-A, 
will be in phase at the points of diffraction B-B,, and 
will combine to form the diffracted beam, C. If 
there is a sufficient number of molecular layers, the 
diffracted beam will be built up to sufficient inten- 
sity—as indicated by the broadening of the beam to 
affect a photographic plate placed perpendicularly to 
the beam. 


The relationship between the factors affecting the 
diffraction of the X-ray beam are given in the funda- 
mental formula: 

n A= 2d sin @ 


in which n represents the number of the order of dif- 
fraction, \ the wave length, d the distance between 
the diffracting planes, and @ the angle of incidence. 

If an X-ray diffraction photograph be taken of a 


crystal in which the molecules are arranged in a per- 
fectly orderly fashion in all three dimensions, the re- 
sult is a geometrically-arranged series of sharply- 
defined spots of light. The example given in Figure 





FIGURE 3 


3 is the diffraction picture of an iron crystal, and 
shows the perfect pattern resulting from complete 
molecular arrangement or regimentation. 

On the other hand, if an X-ray photograph be 
taken of material in which the molecules are of vary- 
ing sizes and shapes and the arrangement is random, 
the result is a diffused halo, as shown for a hydro- 





FIGURE 4 


carbon lubricating oil in Figure 4. No diffraction 
lines or spots are to be found, and no orderly molecu- 
lar arrangement is indicated. 

It will be realized that any intermediate stage be- 
tween perfect molecular regimentation as shown by 
a crystal (Figure 3) and complete random arrange- 
ment, as in Figure 4, may be obtained—depending 
upon the relative degree of molecular arrangement. 
Figure 5 is a typical diffraction photograph showing 
partial orientation. The more complete the molecu- 
lar arrangement, the shorter and sharper are the 
arcs. The greater the number of molecular layers in 
the oriented film, the greater the number of orders 
of diffraction obtained. 
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POLAR-FILM THICKNESS OF PURE COMPOUNDS 


By our study of X-ray photographs it has been 
found that a number of oxygen- and chlorine-con- 
taining compounds give extraordinarily well-oriented 
films on metal surfaces. In some cases, as previ- 
ously shown, the thickness of the layers corresponds 
to twice the length of the molecules; or, in other 
words, each building unit consists of a pair of mole- 
cules attached end to end, as shown in Figure 1-C. 
Table 9 shows the thickness of each layer, in A.U., 
and the type of arrangement of a number of polar 
compounds. Referring to methylstearate of single- 
molecular arrangemient and methyldichlorostearate 
of double-molecular arrangement, we find that the 
molecular length with the double molecules is not as 
great as two times the single-molecular length. 
This,reduction in length with double-molecular ar- 
rangement is probably due to the mutual saturation 
of fields of force at the polar ends. Our investiga- 
tion confirms the conclusions of Adams* and Gil- 
son** that oxygen plays a very important part in the 
formation of these protective polar films. 

It is apparent that, knowing both the thickness 
of each molecular layer and the number of layers re- 
quired for each diffraction arc, it would be possible 
to calculate the thickness of the whole adsorbed film. 
The thickness of the layers is shown in Table 9. It 
is now possible to determine the number of molecu- 


TABLE 9 


Layer Thickness and Molecular Arrangement of 
Oriented Films 











Molecular 
Layer Arrange- 
POLAR COMPOUND Thickness ment 
NG QE eee ons 3A oes os kad Oa eee 39.5 Double 
Dichlorostearic acid... . APE EAE aap oO. 3 39.2 Double 
MV UOROMON ok ec hae Sis Mids BP ea die Re oe ‘ 26.5 Single 
Methyidichlorostearate...................00005- 45.0 Double 
Methylpalmitate.......... Be TNS ic are a , 22.2 Single 
Ethyldichlorostearate. . . ; i SSR RE Parcs 51.5 Double 
RV NCH NNN oi ces eS is ics hn 27.6 Single 
Octadecyldichlorostearate...................-.5. 42.9 Doubttul 











lar layers in the adsorbed film which is required to 
produce a microphotometrically detectable order on 
the photographic plate. 

The determination of this factor depends on the 
technique developed recently by Langmuir and Blod- 





FIGURE 5 
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gett’® for the application of mono-molecular films 
one at a time to a solid surface. As reported by 
Clark, Sterrett, and Leppla,®*® we used this method 
to apply known numbers of molecular layers of cer- 
tain polar materials to various solids. By making 
X-ray photographs at progressive stages, it was pos- 
sible to determine the minimum number of layers 
necessary to produce a microphotometrically detach- 
able order of diffraction on the photographic plate. 
The minimum for non-metallic polar compounds was 
found to be from 19 to 45 layers—depending on the 
type of molecule being adsorbed. For example, 
Table 10 shows the result of picking up monomolecu- 
lar layers of stearic acid from pure water on a brass 


























TABLE 10 
Orders of Diffraction of Films of Stearic Acid on Brass 
Relative Intensity by Order Number 
No. Molecular Layers 1 2 | 3 4 5 
SOS RE TES. 7 0.5 2.5 0 0 
BO ae eecceceee 12 3.0 | 4.7 0 1 
rod. It will be observed that, since 71 molecular 


layers show only the third order and 125 show the 
fifth order, approximately 25 molecular layers are 
required for each diffraction order. The relative in- 
tensity of the odd orders is, as a rule, greater than 
the intensity of the even orders, as shown by the 
table. 

The product of the minimum number of layers 
and the number of orders appearing gives the mini- 
mum number of molecular layers which must have 
been formed. Since stearic acid shows seven dif- 
fraction orders, each requiring approximately 25 
mono-molecular layers of 12% double layers of 39.5- 
A.-U. thickness (see Table 9), this film must be ap- 
proximately 3,500 A.U. thick. Upon esterifying 
stearic acid, the polarity is decreased so that only 3 
diffraction orders appear. Therefore, assuming the 
minimum 19 molecular layers for each diffraction 
arc, the film thickness with the ester would be only 
1,500 A.U. However, on chlorinating the ester, 31 
diffraction orders appear. Taking the minimum num- 
ber of molecular layers required for each order, and 
assuming that a linear relationship holds for 21 or- 
ders, the film thickness of the chlorinated ester is 
approximately 9,000 A.U. This figure is of enor- 
mous magnitude in the field of molecular-dimensions, 
and is in good agreement with early estimates of 
Hardy” and Trillat.?® 

The high orders of diffraction shown by the chlor- 
inated ester are quite interesting, as their appearance 
indicates an unusually high degree of orientation. 
From ample data concerning the length of these 
molecules, we know the arrangement is perpendicu- 
lar to the metal surface and that the spacings repre- 
sent the length of the molecules. This fact, coupled 
with the absence of side spacing, indicates the cross- 
bonding between the molecules by secondary forces 
—which stabilizes the oriented molecules. This sec- 
ondary bonding is obtained, as previously pointed 
out, by the chlorines on the alpha-carbon atom. The 
bonding of the polar molecules on the metal surface, 
and the cross-bonding with the chlorine, is accom- 
plished to such a degree that in some cases X-ray 
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patterns indicate a new condensed molecular ar- 
rangement near the metal surface. 


EFFECT OF METAL SURFACE 
Polar compounds will not orient to the same de- 
gree on different metals. Table 11 shows the re- 
sults obtained using pure compounds on various 
metals. The numbers in the table have reference to 


TABLE 11 


Orientation of Polar Compounds on Various Metals 








SUBSTANCE Iron Zinc Cadmium | Copper 
Stearic acid.............. ny 2 3 1 
Methylstearate........... 2 1 1 ois 
Octadecylchlorostearate... 1 2 2 3 
Ethyldichlorostearate..... 1* 2t 2T 
Monochlorodiphenylene 

ET ies Se vines ki c'e 49 1 1 2 
Trichloropheno!.......... 1 1 3 4 
Trichloronaphthalene. ... . 1 1 1 1 




















* 21 orders of diffraction present. 
+ 15 orders. 


the relative rating of orientation observed for the 
particular compound on the series of metals. No 
comparison is made between the various compounds. 
The number / signifies the best orientation; 2, the 
the next best, etc. It will be seen that most of the 
compounds form their thickest film on iron, and that 
the chlorinated ester forms extremely thick films on 
all the metals except copper, as proved by the un- 
usually large number of orders of diffraction shown 
for ethylidichlorstearate. 

In addition to determining the minimum thickness 
of polar films on metal surfaces, we have determined 
by study of mono-molecular layers the actual metal- 
surface area occupied by each polar molecule. Mole- 
cules such as methyldichlorostearate cluster together 
side by side on the metal surface, and are separated 
by the thickness of the molecule only. The area cov- 
ered by each of these molecules, with maximum 
spreading on a surface, has been found to be 20 
square A.U. 


ORIENTATION IN SOLUTION 


We find that polar compounds in dilute hydrocar- 
bon-oil solution, such as is used in practical lubrica- 
tion, orient on metal surfaces more or less com- 
pletely as they do in the pure state. 

It is not possible to see the total number of orders 
of diffraction in the case of X-ray photographs of 
solutions of polar addition agents in mineral lubri- 
cating oil, because the diffused halo due to the min- 
eral oil completely masks the outer orders or arcs. 
We have, however, been able to detect as many as 
seven distinct orders inside the oil halo when using 
a dilute solution of chlorinated ester. It is, there- 
fore, evident that bearing surfaces are separated by 
more than 6,000 A.U. when a chlorinated ester is 
used in a lubricating oil. Thus, this oriented film is 
approximately as thick as the previously-proved min- 
imum film thickness for viscous lubrication. 


REGIMENTATION IN SOLUTION 


The polar molecules in dilute solution not only 
orient upon the metal surface to a degree approach- 
ing perfection, but also arrange themselves in an or- 
derly fashion throughout the mass of the liquid and 
tend to direct the regimentation of the molecules of 
the hydrocarbon lubricant. Similar cybotactic regi- 
mentation has been amply substantiated by Stewart** 
and by many others.*® 4° 4° 47 


This characteristic was investigated by studying 
the effect of the presence of polar compounds upon 
the crystallization of paraffin wax from oil-wax solu- 
tion. Wax crystallizes in a randomly-arranged mass 
of small crystals, giving a partially-oriented diffrac- 
tion picture in many respects similar to Figure 5, 
When five percent of a highly-polar compound such 
as methlydichlorostearate is added to the wax-oil 
solution, the resultant diffraction pattern is given in 
Figure 6. The intense short arcs, on both the verti- 
cal and horizontal axes, represent substantially per- 
fect orientation and regimentation. The broad dif- 
fused oil halos, representing the side spacings of the 
molecules, have been replaced with short, sharply- 
defined spots on the horizontal axis. As far as we 
know, this is the first completely-regimented ar- 
rangement reported for the molecules in a hydro- 
carbon mixture. The polar compounds arrange 
themselves in a widely-spaced lattice structure, which 
might be likened to the structure in a honeycomb, 
This orderly regimentation is such that, when the 
wax crystallizes from the solution, the lattice struc- 
ture is impressed upon the wax crystals—which 
grow or arrange themselves in conformity with the 
regimentation of the polar molecules. 





FIGURE 6 


REGIMENTATION IN LUBRICATING OIL 

The effect of polar compounds upon molecular 
regimentation in lubricating-oil solutions is not as 
easily demonstrated as in the case of the wax solu- 
tions. The X-ray photograph of a lubricating oil 
(Figure 4) gives no visible indication of oriented 
molecular layers. However, the pattern may be 
investigated by microphotometric analysis, thereby 
showing the variations of the intensity of the dif- 
fracted X-ray beam radially through the oil halo. 
These variations in the intensity of the halo will be 
found dependent upon the degree of cybotactic ar- 
rangement. Increasing temperature tends to destroy 
regimentation and produce a more chaotic molecu- 
lar arrangement. Therefore, if a microphotometer 
analysis be made at several increasing temperatures, 
it will be found that the maximum variation in in- 
tensity becomes less and the halo broadens and be- 
comes more diffused. 

This method, therefore, permits the investigation 
of the effect of polar molecules in the oil, since the 
regimentation of a polar compound would tend to 
resist the disorganizing effect of increased tempera- 
ture. Figure 7 illustrates the effect of the presence 
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ne of 10 percent of methylstearate and of methyldi- 
chlorostearate on the temperature-regimentation 
curve. The slopes of the curves show the relative 
decrease of regimentation with increasing tempera- 
tures. The vertical position of the curves is not 
significant, as the sensitivity of the microphotometer 
was not the same. From the figure it will be noted 
that the curves for mineral oil and methylstearate 
slope downward, showing marked decreases in the 
degree of regimentation with increasing temperature. 
The curve for the blend of oil and methyldichloro- 
stearate shows a very small decrease in degree of 
regimentation, with a curve flattening out at the 
higher temperatures. This study was conducted 
through a temperature range up to approximately 
250° C. Further investigations by this method dis- 
closed that the amount of regimentation is directly 
proportional to the concentration of the methyldi- 
chlorostearate. 

We may conclude from these examinations that 
molecules of chlorinated esters are highly regiment- 
ed in the liquid state by their strong bonding force. 
These bonding forces of the polar molecules affect 
the oil molecules by reducing their tendency toward 
more random arrangements with temperature in- 
creases. 


AS METAL-FIBER PROTECTION AS A MEASURE OF 
u- LUBRICATING ABILITY 


Many types of laboratory and field tests have been 
employed to prove that a film of the polar compound 
is beneficial in lubrication. Davis, Lincoln, and Sib- 
ley (in the paper which follows this on the program) 
will describe tests which demonstrate that the film 
of polar compound protects the metal surface from 
corrosion and wear. By X-ray technique we have 
found that certain polar compounds in a lubricant 
will protect rubbing surfaces. Our experiments were 
based on the crystalline arrangement at the surface 
of worked metais. 

In forming metals into desired shapes by drawing, 
Stresses are applied which serve to arrange the sur- 
face metallic crystals with a preferred orientation 
which may be termed “fibering,” because of the re- 
semblance of the X-ray pictures of these surfaces to 
those of natural fibers. If a metal showing such 
fibering is reworked so that the direction of stress is 
at right angles to the original stress, the first set 
of fibers will tend to disappear. The macroscopic 
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FIGURE 8 


directional striations, sometimes visible on the sur- 
face of metals due to working, are not susceptible 
to X-ray examinations as are the effects due to crys- 
talline arrangement. 

The changes in crystal structure due to working 
were utilized in determining the value of polar com- 
pounds in lubricants for protecting metal surfaces 
and preventing wear and, hence, their lubricating 
value. A drawn brass rod, showing suitable fibering 
in a direction parallel to its axis, was made into Al- 
men pins. After X-ray photographs had been made 
of these pins to measure the degree of original crys- 
tal orientation, they were run for five minutes in the 
Almen machine with various lubricants, using a load 
of 2,000 pounds per square inch of projected bearing 
area and a speed of 600 r.p.m. This load was se- 
lected because it is not great enough to destroy com- 
pletely the surface fiber structure during the test 
period when a satisfactory polar compound is in- 
cluded in the lubricant. Photographs of the pin sur- 
faces, after the test, were made and compared with 
the first photographs. 

Figure 8-A’ shows a typical picture of the fiber 
structure before use, while Figure 8-B gives the re- 
sult on the same pin after use. In Figure 8-A the 
difference in intensity of the metal-diffraction lines 
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between the maximum and minimum points. is read- 
ily seen, while in Figure 8-B it will be noticed that 
the variation in intensity is much less. While the 
differences in intensity of different parts of a metal 
halo are apparent to the eye in cases such as are 
represented in Figure 8-A and 8-B, they are more 
often sufficiently difficult to discern so that advant- 
age must be taken of a microphotometer to discover 
these variations in intensity. By measuring in this 
way the intensity of the light at various points along 
a halo, one may plot intensity against distance—ob- 
taining curves such as shown in Figure 9. 
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FIGURE 9 


Curve WPA represents the intensities around cne 
semi-circular line of the X-ray pattern of the new 
Almen pin (see Figure 8-A) and curve YBR shows 
the same for the used Almen pin (see Figure 8-B). 
The peak height of the curves compared with an ad- 
jacent point of minimum intensity is directly pro- 
portional to the number of metal crystals having that 
particular orientation. 

YZ 
Hence —— 100 gives the percentage of fibered 
WxX 
structure remaining on the surface of the metal after 
the test. 

In this way the data on the various blends shown 

in’ Table 12 were obtained. It is apparent from the 














TABLE 12 
Metal-Surface Protection by Blended Lubricants 
Unit Timken 
Load Fiber Film 
(Lbs. Per | Remaining | Strength 
Sq. In.) (Percent) (Pounds) 
Oil with One Percent of: 
IGA GR ee See 2,000 0 8.8 
MR 2 aS A, wk ab bok 1,000 a 
Dichlorostearic acid............. 2,000 37 38.5 
Methyldichlorostearate.......... 2,900 47 28.0 
Chlorodiphenylene oxide......... 2,000 40 28.0 
Chiorodiphenyl................. 2,000 25.5 














table that, using a straight mineral oil and a load of 
only 1000 pounds per square inch, the fibering was 
completely destroyed. Additions of one percent 
methyldichlorostearate to the mineral oil gave excel- 
lent protection of the surface, as shown by the fact 
that after the test 47 percent of the original surface 
fibering remained unchanged at two times the load. 


SUMMARY 

The physico-chemical forces emanating from metal 
surfaces and from certain types of molecules, known 
as polar molecules, profoundly affect the behavior of 
the metals and lubricants involved in boundary lu- 
brication, and are of importance in viscous lubrica- 
tion. The attractive forces between metal surfaces 
bearing one on another are neutralized by strongly- 
polar molecules, such as chlorinated esters of long- 
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chain fatty acids and short-chain monohydric aleo- 
hols, so that lubrication is improved. This is accom. 
plished by the formation of a film in which the po- 
lar molecules are firmly bound in an orderly fashion 
with respect to each other and to the metal surface, 

Evidence of the action of these forces has been 
found in various physical measurements which serve 
as preliminary indications of the adsorption of polar 
molecules to form oriented films, but this investiga- 
tion was directed to the fundamental study of the 
physical and chemical forces involved and the films 
formed. 

Under conditions of viscous lubrication, dilute 
mineral-oil solutions of highly-polar compounds, such 
as methyldichlorostearate, neutralize the fields of 
force emanating from metal surfaces by forming an 
oriented film and by regimenting hydrocarbon mol- 
ecules in the liquid body of the lubricant which af- 
fords slippage planes of minimum resistance. These 
actions of the polar films are of importance in ex- 
plaining the anomalous coefficients of friction in vis- 
cous lubrication. X-ray investigation of adsorbed film 
structures of pure compounds shows that the type 
of molecular building unit, regularity of arrange- 
ment, and the number of molecular layers formed 
depend on the compound and on the metal. The 
strongly-polar molecules of certain chlorinated esters 
form adsorbed films on metals of unusual thickness 
and regularity of arrangement. The thicknesses of 
these oriented films of strongly-polar compounds on 
metal surfaces are of enormous magnitude when 
compared to molecular dimensions. The present re- 
sults show a film thickness of 9,000 A.U., which 
serves as a confirmation of Hardy’s measurement of 
10,000 A.U., Trillat’s of 9,000A.U., and Tausz’s of 
8,500 A.U. 

In order to demonstrate that the orienting ability 
of the pure polar compounds is also effective in di- 
lute solution, oil-wax mixtures were investigated. In 
dilute mineral-oil solution, methyldichlorostearate 
forms films of such thickness that a pair of metal 
surfaces approaching the limit of viscous lubrication 
of about 6,000 A.U. are separated by a completely- 
oriented film of polar molecules. 

The stability of the regimented (cybotactic) 
groups of polar addition agents in lubricating-oil so- 
lution is demonstrated by the resistance of methyl- 
dichlorostearate blends to the disorganizing effect of 
temperature increases. 

By means of a new method of measuring changes 
in the surface structure (fibering) of metals, it has 
been shown that lubricants containing methyldichlo- 
rostearate actually protect rubbing metal surfaces 


from wear. 
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ractical Selection of 


Improved Lubricants 


LLDAVIS, B. E. SIBLEY, 
Continental Oil Company 


and 
BERT H. LINCOLN, 


University of Illinois 


HE problem of selecting an oil in the laboratory 

. for its true lubricating value is as yet unsolved; 
and, following the thought of an old maxim, the proof 
of an oil is the lubrication therewith. The physical re- 
quirements of a motor lubricant, viz., viscosity, pour 
test, flash, volatility, etc., are fairly well established 
and understood. On the other hand, the chemical char- 
acteristics — particularly those having to do with lu- 
bricating value and stability —are largely mysteries. 
The increase in knowledge of the mechanics of the 
true lubricating film has been considerable during the 
past few years, but the general application of that 
knowledge to practical lubrication has been very 
slow. 

The increasingly severe requirements on a lubricat- 
ing oil demanded by the modern powerful engine op- 
erating at high speeds and temperatures has resulted 
in the recognition of the need for a better lubricant. 
This need for a better lubricant has been answered in 
two general ways: improved refining methods to give 
better physical and stability characteristics, and the 
use of addition agents to improve those same char- 
acteristics as well as to add materially to the true 
lubricating value of the mineral oil. 

In several cases these addition agents have been 
offered after years of research work and ample prac- 
tical service tests which have proved their worth. In 
far too many cases, however, “dopes” are being 
offered to the public for addition to motor oil—which 
are based on insufficient empirical tests, and are in 
many cases actually detrimental to the equipment in 
which they are used. 

The Continental Oil Company’s theoretical study 
of the mechanics of lubrication has been given by 
Clark, Lincoln, and Sterrett. The authors of the pres- 
ent paper will briefly cover the history of the use of 
addition agents by their company, the factors which 
must be considered in the selection of an addition 
agent, and the practical improvements which may be 
obtained from the use of a proper agent. 


HISTORICAL DEVELOPMENT 


It has been known for many years that, under 
Severe operating conditions, animal and vegetable 
oils give better lubrication than petroleum or “miri- 
eral” oils. The first step towards an explanation of 
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HIS paper discusses the increasing need for 

improved lubricants because of the increased 
speeds, loads, and temperatures of the modern 
automotive engine. It points out that no single or 
limited group of laboratory tests can be used to 
define fully the quality of a lubricant. The two 
possible methods of improving a lubricant are: 1, 
the improvement of physical characteristics and 
stability which may be accomplished by special 
refining methods; and, 2, the improvement of the 
actual ability to lubricate and protect metal sur- 
faces under severe lubricating conditions. The ac- 
complishment of the latter by use of carefully-se- 
lected addition agents is considered in this paper. 
Detailed discussion is given of the many factors 
which must be considered in selecting an addition 
agent—including load-bearing capacity, oiliness, 
rate of wear and corrosiveness on bearings and 
cylinders, oxidation and thermal stability, volatility 
and toxicity. The final proof of quality must de- 
pend upon actual service tests on the road, The 
results of laboratory and road tests are given to 
show that all these requirements can ke obtained 
by addition to the lubricant of a small percentage 
of the ester of a chlorinated aliphatic acid and a 
monohydric alcohol such as methyl-a, a-dichloro- 
stearate. 

This paper was presented at Sixteenth Annual 
Meeting, American Petroleum Institute, at Los An- 
geles, Novemher 13, 1935. 











this phenomenon was the report on the work of Wells 
and Southcombe given before the Physical Society’ 
of London in 1919, and the Society of the Chemical In- 
dustry in 1920,? in which they showed the improved lu- 
bricat:on to be due to small quantities of free fatty acids 
adsorbed on the metal surface. They suggested the ad- 
dition of small amounts of free fatty acid to mineral 
oils to obtain the oiliness characteristics of fixed oils, 
and termed this their “germ process.” 

In 1920 Southcombe? gave, before the National Pe- 
troleum Association, a paper on the “Germ-Process 
Theory.” Through contacts made at this meeting 
Continental Oil Company, then Marland Oil Com- 
pany, acquired the North American rights under the 
Wells-Southcombe patents,* and from 1921 to 1933 
marketed blends of oleic acid and mineral oil. 

However, it was in time realized that the fatty acids 
were not ideal addition agents for automotive engine 
lubrication, and the Continental research organization 
was assigned the problem of developing improved 
addition agents. The fatty-acid blends gave excep- 
tionally high oiliness characteristics of low friction 
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under boundary-lubrication conditions, and under 
those conditions fully protected the bearing metal 
from excessive wear. They maintained lubrication un- 
der severe operating conditions or lack of sufficient 
oil for longer periods than could a mineral oil. While 
they did not have the ability to increase the load- 
carrying capacity, that factor was of relatively little 


ester under the brand of Conoco Germ-Processed Motor 
Oil. 
AUTOMOTIVE-ENGINE LUBRICATING 
REQUIREMENTS 
In the meantime the increasing power, speed, and 
operating temperatures of modern automobile engines 
had greatly aggravated bearing troubles and had in- 
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FIGURE 1 
Connecting-Rod Loads for Full Load and Engine Speed of 4500 R.P.M. 


importance in automotive lubrication until the past 
two years. 

The research staff was convinced, both from its 
own work and from the literature, that the desired 
lubricating improvement could best be obtained from 
the formation of an adsorbed film of the addition 
agent on metal surfaces. To form such a film of high 
adsorption energy a fatty-acid type of molecule was 
believed desirable, i.e., a long straight-chain hydro- 
carbon with very high polarity at one end. The work 
on the problem from the beginning, therefore, was to 
develop such a molecule. The first step was to in- 
crease the polarity of a fatty acid by halogenation. In 
the case of saturated acids such as palmitic or stearic, 
where the halogen enters the alpha carbon position,® 
very definite increases in polarity were obtained. The 
halogen, however, increased the acidity of the fatty 
acid to such an extent as to make the material unsat- 
isfactory in automotive engines in the presence of 
soft metals. The next step was to overcome the acidic 
and still retain the polar characteristics. This was 
accomplished by methylating. Clark et al have de- 
scribed the theoretical study resulting in the selec- 
tion of methyl-a, a-dichlorostearate,® and the present 
discussion will consider the laboratory and _ service 
proofs of the value of the product. The culmination of 
this development was the limited marketing in early 
1933 and the extensive advertising and merchandising 
in early 1934 of a 0.75 percent blend of the chlorinated 


creased the difficulties of satisfactory lubrication. The 
increase in speed and power of automotive equipment 
during the past few years is too well known to call for 
further discussion in this paper, but it will be well to 
consider briefly the resulting conditions which must be 
met by the lubricant. 


Sparrow,’ in a discussion of bearing problems, has 
pointed out that the real peak loads on the connecting- 
rod bearings due to inertia and contrifugal force, plus 
the gas pressure, are actually many times as great as are 
commonly believed when considered from the viewpoint 
of gas pressure alone. Sparrow’s “conventional guess” 
as to the total connecting-rod bearing loads, re-plotted 
by Sibley® to show two complete revolutions in a single 
graph, is given in Figure 1. The assumed conditions are 
a speed of 4500 revolutions per minute and full load. 
It will be seen that a maximum load of 2200 pounds 
per square inch of projected area is reached each revolu- 
tion, and the unit load is over 1500 pounds for approxi- 
mately one half of each revolution. The dotted vertical 
lines to the top of the chart indicate whether the load 
is on the “cap” or the “rod” side of the bearing. Spar- 
row states that the point of bearing failure usually 
occurs at the points of reversal of load between the cap 
and rod, rather than at the points of maximum pres- 
sure, and that this may be due to the lack of an estab- 
lished oil film at the moment of reversal. 


The natural result of the increased speeds and loads 
has been a greatly increased operating temperature. To- 
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day crankcase temperatures of 250°F. are common, and 
in many of the 1935 models the crankcase temperature 
will go over 300°F. Although specific data are not at 
hand, it is evident that the actual film temperatures 
in the bearings are materially above these temperatures. 
The decrease in viscosity caused by these higher tem- 
peratures results in decreased oil pressure. The end 
leakage at the main bearings is increased, and the 
probability of the rod bearings receiving insufficient lu- 
brication greatly increased. In addition to the actual oil 
starvation of the rod bearings, the viscosity may be so 
low at excessive temperatures that the oil may fail to 
carry the load. In addition to this, there has been a 
concerted effort on the part of automobile manufac- 
turers toward the use of lower-viscosity oils such as 
SAE- 10 and 20 grades, thus again greatly decreasing 
the effective viscosity at operating temperatures. 

These changes, viz., lower viscosity, increased loads, 
and high temperatures, have greatly decreased the 
safety factor for viscous lubrication. Dickinson and 
Bridgeman,°® in their discussion of the fundamentals of 
automotive lubrication, have shown that the conditions 
of load and speed and viscosity now found in actual 
operation approach, if not actually pass, the critical 
point between viscous and boundary lubrication. 

One of the results of the increased severity of opera- 
tion has been the replacement of the conventional tin- 
babbitt bearings with special alloy bearings which are 
better able to withstand the increased speeds, loads, and 
temperatures. Three general types of “improved” bear- 
ing materials are now extensively used: 1, copper-lead 
matrix type, containing about 40 percent lead and 60 
percent copper; 2, high-lead type, containing about 98 
percent lead and two percent alkaline-earth metals ; and, 
3, the cadmium-silver and other cadmium alloys. Al- 
though these bearing metals are all superior to tin bab- 
bitt from the viewpoint of load-carrying capacity, they 
are unfortunately more sensitive to organic acids such 
as those resulting from the oxidation of the lubricating 
oil in service. This may result in a corrosion problem 
under high-temperature operating conditions. 


THE USE OF ADDITION AGENTS 


The increasing severity of automotive operating con- 
ditions, with the resultant need of improved lubricants 
and the successful development and marketing by major 
oil companies of oils with improved lubricating value, 
has resulted in a flood of “dopes” and “doped oils” 
which are claimed to be cure-alls for every engine 
trouble. Many of these dopes, frequently actually harm- 
ful to the engine, are sold by high-powered salesmen to 
gullible retail dealers who pass them along to motorists 
with all manner of ridiculous claims of merit. As a rule, 
these claims include that of high “film strength.” 

High film strength, if defined as the ability of a lubri- 
cant to carry high loads without bearing failure or 
excessive wear, is a desirable feature. Such a character- 
istic, however, may be misleading, or actually harmful, 
if the more essential lubrication characteristics such 
as rate of wear, corrosiveness, volatility, sludge forma- 
tion, emulsibility, etc., are disregarded. The conditions 
under which some film-strength testers are operated by 
those selling “dopes” to be added to the oil in the 
crankcase are such that any chemically-active material 
will give high film strength. Thus any oil-soluble ma- 
terial containing loosely-combined halogens, sulfur or, 
for that matter, hydrochloric acid, free sulfur, and 
€ven powdered abrasives such as carborundum, give 
very high “film strength” by preventing metal seizure— 
although the rate of wear or corrosion may be excessive. 
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It is, therefore, evident that a product should be looked 
upon with suspicion when the only evidence of quality 
offered is a film-strength demonstration without addi- 
tional definite laboratory and performance data to prove 
that the product also meets all other lubricating re- 
quirements. 

The difficulty is that we do not today have laboratory 
methods of measuring true lubricating value, which 
must include all of the factors which enter into the suc- 
cessful lubrication of a piece of equipment. A satis- 
factory lubricant must have the ability to carry the 
maximum possible loads at the maximum probable tem- 
perature without metal seizure or excessive wear; it 
should have low friction during the periods of thin-film 
operation ; it must protect the metal parts against wear 
through metal-to-metal contact; it must form a pro- 
tective film against corrosion from products of com- 
bustion or decomposition; it must be stable under the 
maximum possible operating conditions ; it must be non- 
volatile, non-toxic, and odorless. 


THE SELECTION OF AN ADDITION AGENT 


The selection of a satisfactory addition agent to be 
used to improve the over-all lubricating value of a 
mineral oil is no easy task. Every phase of lubrication 
and metal protection must be given serious considera- 
tion. Our investigations have included the synthesis and 
study of over 1000 organic compounds, of which sur- 
prisingly few have proved of sufficient probable engine- 
lubrication value to justify detailed practical study. 
Four general steps are used in the selection of a com- 
pound: 1, theoretical investigation ; 2, chemical labora- 
tory study; 3, physical laboratory study; and 4, prac- 
tical road tests. 

1. The theoretical investigation includes the study of 
the physical and chemical forces of the adsorbed film on 
metal surfaces and the regimentation of molecules in oil 
solution, as discussed by Clark, Lincoln, and Sterrett. 

2. Chemical laboratory study: After the synthesis 
and refining of a product, the chemical study—both of 
the pure agent and its solution in oil—considers such 
items as chemical and thermal stability, metal corrosion, 
toxicity, and effect on the oxidation stability and the 
physical characteristics of mineral oils produced 
from different types of crude and by various refining 
processes. 

3. The physical laboratory study includes the meas- 
urement of film strength, load-carrying capacity, bear- 
ing-metal wear, oiliness and engine-dynamometer lubri- 
cation studies. 

4. Four general classes of supervised road tests have 
been used: 

a. Controlled fleet tests. 

b. Supervised commercial fleet tests. 


c. Individual car tests under normal highway opera- 
tion. 


d. Fleet tests under American Automobile Associa- 

tion supervision. 

In all road tests the cars were completely overhauled 
and placed in comparable mechanical condition. Such 
detailed items as the use of torsion wrenches for making 
up cylinder-head bolts and the selection of matched sets 
of valve springs were given special consideration. In 
operation all comparison-test cars were run as a fleet 
under identical conditions, even to the degree of window 
openings for ventilation. The position of the cars in the 
fleet and the drivers were varied in a definite schedule. 
The cars were uniformly loaded with sand bags which 
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were adjusted to equalize the weight of the drivers. 
In other words, every known care was taken to minimize 
all variables except the quality of the oil under test. 
The total supervised road tests used in the development 
of methyldichlorostearate before it was placed on the 
market amounted to 963,000 car-miles, and the total test 
mileage on that product up to the present writing is 
nearly 2,000,000. 

In the following discussion of our work the results 
obtained from the var:ous laboratory and road tests 
will be arranged in accordance with their relationsh‘p 
to the various lubrication factors, such as bearing pro- 
tection, cylinder-wall and piston-ring protection, sludge 
formation, etc. As the lubrication and protection of 
the bearing surfaces are the principal purposes of the 
lubricant, these will be given primary considerat‘on. 


Bearing failure or excessive wear occurs through the 
inability of the lubricant to prevent metal-to-metal con- 
tact under the given load, temperature, and speed. The 
load-carrying ability of a lubricant is studied in the 
laboratory by means of the Timken’? and Almen™ ma- 
chines. As both machines are well known, a detailed 
description will not be included in this paper. 


For purposes of comparison, the various addition 
agents tested are used in a one percent solution in a 
standard SAE-30 oil. For purposes of brevity the term 
“Chlor.-ester” will be used to designate methyl-a, a- 
dichlorostearate. In blends the regular commercial con- 
tent of 0.75 percent of the chlor.-ester as used in Conoco 
Germ-Processed Motor Oil will be understood, unless 
other specific contents are mentioned. 


TIMKEN FILM STRENGTH 


The Timken “film strength” is deSned as the load on 
the beam, in pounds, at 788 revolutions per minute and 
at 100°F. for 10 minutes, which gives incipient scarring 
of the bearing surfaces. In order to obtain reproducible 
results, particularly with mineral oils which may seize 
due to the slight jar when the load is placed on the 
beam, it was found necessary to use an automatic load- 
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FIGURE 2 


Relation between Timken film strength and rate of loading. 


ing device. Figure 2 shows the effect of rate of loading 
on film strength. A standard rate of 22.8 pounds per 
minute is used in all Timken film-strength and wear 
tests. 

The relationship between viscosity and film strength 


is shown in Figure 3. The lower curve is our regular 
Mid-Continent base mineral oil, and the upper curve is 
the same oil plus chlor.-ester. The vertical bars between 
the crosses represent the range in film strength of all 
the commercial mineral oils which we have tested. Prac- 
tically every type of crude source and manufacturing 
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Relation between Timken film strength and viscosity. 


process is represented. In general, we find that the 
greater the degree of refining, the lower the film 
strength of the oil from any given crude. 

The Timken film strength does not consider rate of 
wear or corrosion and, therefore, is not an indication 
of what might be termed “useful load-carrying capac- 
ity.” Long-time tests on the Timken machine indicate 
that the high rate of wear or “lapping in” takes place 
in the early stages of the test; and, that if a lubricant 
will carry a given load for 90 minutes, it will carry that 
load for an indefinite period without excessive wear. A 
useful load-carrying-capacity test was, therefore, de- 
veloped—which consists of a series of 90-minute runs 
on the Timken machine using progressively-increasing 
loads until the oil fails to carry the load for 90 minutes. 
The number of minutes the last load was carried before 
failure is recorded. For rapid checking the following 
beam loads were used: 5, 7, 10, 15, 20, and each 10 
pounds above 20. Table 1 shows the results of compar- 
ing a number of addition agents in one percent solutions 
in an SAE-30 oil by this method. This quite clearly 
shows that “high film strength” when considered alone 


TABLE 1 


The Relation Between Timken Film Strength and 
* Lead-Carrying Capacity 




















LOAD-CARR YING CAPACITY 
Timken an - 
Film No Seizure 

Addition Agent—1 Percent | Strength | Seizure — 

Added to Mineral Oil (Pounds) | (Pounds) | (Pounds) | (Minutes) 
SAE-30 mineral oil... . . va'o pe 88 10 15 1 
Methyldichlorostearate........ 28 20 30 6 
Trichlororesorcinol............ 125 20 30 46 
Dichlorostearic acid........... 59 30 40 6 
Dichloropropylether .......... 44 15 20 30 
Pentachloroethane............ 38 20 30 12 
p-Chlioroaniline..............6. 38 15 20 2 
p-Chloroanisole.............. 25.5 10 15 2 
Chloropseudocumene.......... 15.5 10 15 5 
eG SRA 8.8 10 15 2 
CN wos bk Fass ome ees 8.3 10 15 1 
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is not only meaningless, but may be decidedly mislead- 
ing. Thus trichlororesorcinol, with a film strength of 
125 pounds, shows but little better than methyldichloro- 
stearate, which has a fiim strength only one-fourth as 
high. The reason for the mineral oil and the hexyl- 
chloride and oleic-acid blends carrying more long-time 
load than their film strength is probably due to the 
oxidation of the oil during the series of runs previous 
to the final maximum-load test. 


TIMKEN WEAR TESTS ON BEARING METALS 


The Timken film strength as determined with steel- 
on-steel surfaces cannot be used to predict the effect of 
a given lubricant on soft bearing metals. The soft 
metals are used in bearings because they have the 
ability to continue carrying loads without metal seizure 
after the oil film has ruptured. Under such conditions, 
however, the rate of wear is excessive. 


The Timken machine may be used to study this factor 
by using a block of the bearing metal in question and a 
highly-polished steel cup. The standard cups used in 
the regular Timken test are unsatisfactory for use with 
soft metals, since they are sufficiently rough to abrade 
the soft metal at an excessive rate—and reproducible 
results cannot be obtained. This can be overcome by 
_— or lapping the cup with Aloxite powder and 
oil. 

A series of wear tests was made on various bearing 
metals of 30-minute duration, and the weight loss in 
grams of the bearing block was used as a measure of the 
rate of wear. A new polished cup was used for each 
metal and oil, but the same cup was used for the various 
beam loads i.e., 20, 40, 60, and 80 pounds. In all cases 
the cups were carefully inspected, and the better of each 
pair was used for the mineral oil. The approximate 






























































TABLE 2 
Approximate Composition of Bearing Metals 
BEARING-METAL ALLOY 
Se Cad- 
mium | mium |Co r-| Bron 
SAE-11 | No. 50 | No. 51 fond ? 
Copper, percent............. 5.6 0.5 0.3 58.9 88.9 
eS a tee ee 0.3 Soe pei 2 40.0 5 eal 
Cadmium, OE a is ko scan elon ite & 98.7 97.5 aes Some 
Silver, SS SO Sp eee okie 6.8 2.2 ee 
SER aS ae 87.2 eva te 9.4 
MUNG, WOTGONE 6 ao ks saa 0 wie 1.7 
Antimony, percent........... 6.9 Si Bila RIES: Bhi 
Nickel, percent.............. ere secu «ote 12 
TABLE 3 
Timken Wear Tests on Bearing Metals 
LOAD ON BEAM— POUNDS 
2 | 4 | 6 | 80 
METAL OIL Loss in Weight—Grams 
SAE-11 pi | Se I. See 0.0019 | 0.0040 | 0.0058 | 0.0091 
Chlor.-ester blend...... 0.0014 | 0.0026 | 0.0034 | 0.0071 
Cadmium 
No. 50 NN. 5 Fa: dard oes #5 0.0026 | 0.0075 | Seized | ...... 
Chlor.-ester blend...... 0.0011 | 0.0056 | 0.0073 | ...... 
Cadmium 
No. 51 Deine. cies Ps bc ob8i 0.0025 | 0.0033 | Seized | ...... 
Chlor.-ester blend. ..... 0.0006 | 0.0030 | 0.0047 | 0.0062 
Copper- 
Lead AREA es Ey 0.0013 | 0.0336 | 0.0390 | Seized 
Chlor.-ester blend...... 0.0004 | 0.0035 | 0.0153 | 0.0316 
Bronze 
No. F-1 WEE | Sica ca se 4 als 0.0120 | Seized | ...... | ..2.%% 
Chlor.-ester blend......| 0.0021 0.0015 | 0.0046 | 0.0054 
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composition of the bearing metals used is given in 
Table 2, and the results of the wear test in Table 3. 
The oils used were the standard SAE-30 mineral oil 
and the same oil plus chlor.-ester. It is interesting to 
note that although the mineral oil will carry relatively 
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Timken long-time wear tests on cadmium-silver 























high loads on the better bearing metals, the resultant 
rate of wear is materially higher than when the same 
oil carries a satisfactory addition agent. 

In order to counteract any possible effect of differ- 
ences in the cups, a series of six-hour runs was made 
with the same cup on cadmium-silver blocks at suff- 
ciently low loads that the cup was not changed appreci- 
ably during the series. The average results of several 
runs are charted in Figure 4. In the case of the mineral 
oil at 25 pounds load, failure occurred in one run out 
of three. : 

This shows that at high load, but definitely below the 
seizure point or film strength of either oil, the chlor.- 
ester blend will result in less wear than the mineral 
oil. Similar studies have been made with other com- 
pounding agents; and, in general, it can be said that 
if the product has the highly polar film-forming char- 
acteristics which give oiliness and is not corrosive on 
the bearing metals or copper, the rate of wear will be 
low. 

Photographs of the wear-test blocks for the cadmium- 
silver No. 51 and the bronze No. F-1 are given in Figure 
5. Failure of the cadmium-silver with mineral oil at 
a load of 60 pounds is particularly interesting because it 
indicates a possible reason for the failure of these bear- 
ings in service. The mineral oil failed to maintain a 
lubricating film, and the resultant frictional heat was 
sufficient to melt the surface of the metal which was 
“wiped” out of the bearing. The chlor.-ester blend, even 
under 80 pounds load, maintained a sufficiently low 
friction to protect the bearing from failure. In the case 
of the bronze, the mineral oil under 20-pound load 
allowed twice the wear that resulted with the chlor.- 
ester blend under 80 pounds. 

The Almen machine," due to its portability, is being 
used in the field by several concerns for demonstrating 


- the “film-strength” characteristics of oils and addition 


agents. Like the Timken machine, the Almen machine is 
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Cadmium-Silver 
No. 51 
Lubricated With 
Mineral Oil 


Cadmium-Silver 
No. 51 
Lubricated With 
Chlor.-Ester Blend 


Bearing Bronze 
No. F-1 
Lubricated With 
Mineral Oil 


Bearing Bronze 
No. F-1 
Lubricated With 
Chlor.-Ester Blend 




















Load on Beam in Pounds 


FIGURE 5 


Bearing-metal blocks from Timken wear test. 


normally operated with steel-on-steel bearing surfaces 
under such conditions as to show marked differences in 
film strength between a mineral oil and a lubricant con- 
taining an addition agent capable of preventing metal 
seizure. This test, therefore, may give high ratings on 
highly-corrosive materials. It is possible, however, to 
obtain useful information on the value of addition 
agents by using the Almen machine for long-time wear 
tests and with steel-on-bronze instead cf steel-on-steel 
surfaces. 

The results of the use of the Almen machine to study 
a group of addition agents are given in Table 4. The 
first column gives the standard Timken tests for pur- 
poses of comparison. The second column is the standard 


Almen film-strength test made with steel-on-steel at 
600 revolutions per minute and applying the load at the 
rate of 1000 pounds per 10 seconds. The “‘film strength” 
is reported as the number of pounds per square inch of 
projected area the lubricant will carry for 10 seconds 
without seizure. 

The third column is the Almen film strength using 
steel-on-bronze bearing metal instead of steel-on-steel. 
The test is conducted with the same procedure used in 
the regular Almen test. The fourth column gives the 
results of a one-hour wear test under a 2000-pound per 
square inch load. The loss in weight of the bronze pin, 
in grams, gives the relative wear. 

The fifth column records the data from a_ three- 
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TABLE 4 
Almen-Machine Film-Strength and Wear Tests 











Standard 
Timken Film 
Oil Plus 1 Percent Addition Agent 


Strength (Lbs.) 


ALMEN WEAR TESTS 








MN 3 Fo ae eri Oa Te iti ectetiee ou rei tele wane bie 9.3 
ct CMRI ooo 5 ss can Sak d oar sag sie ASC h eR Kae 28 
EERE AAGG WE ES TS EP Pe Ree eS 125 
ON oe. ils ea ba see des weir Sepie eK 59 
ry Sing a AN ce hie dink Sd WN OES Sei a ay Lee ns Hehe age pS 8.3 
NN 55 ba 55% oS ess Lesidey Abies deesline dee tges 25.5 
REFER TEI Pe OO ER PPE Te Fe ee 44 
SSS CAR Rape’ GP Sar Ee SD? ORI PU tet PS Ber ar 38 
ESS SSPE LGD LER TESA STO SLOT U ODE AID PTE Ce 25.5 
Is SS ok a sg 5 aid bia hie ark hd wig Bek weie.e dee 15.5 
nee ees SS SEEDS OPOOE ERD PU TOTES A TE TERE ee 15.5 
NE 0's Oais Wh be Oea ws OW Cease ot «ode sktese te oe 8.8 











Almen Film Almen Film Reversing 
Strength, Steel- | Strength, Steel- | Steel-on-Bronze | Steel-on-Steel 
on-Steel (Lbs.) | on-Bronze (Lbs.)| (Loss in Grams) | (Loss in Grams) 
3,500 6,000 0.586 0.451 
6,000 15,000 + 0.036 0.003 
8,500 15,000 + 0 0.003 
5,500 15,000 + 0.003 0.003 
4,333 6,000 0.041 0.003 
5,000 5,000 0.408 0.216 
6,500 6,000 0.477 0.008 
10,000 15,000 + 0.002 0.006 
6,500 5,000 0.757 0.008 
4,500 5,000 0.471 0.717 
7,000 5,000 0.611 0.004 
5,500 15,000 0.266 0.208 














hour reversing wear test of steel-on-steel. Long-time, 
straight-wear tests of steel-on-steel seem to have little 
significance, since if the test is operated at loads suf- 
ficiently below the film strength to permit completion 
of the test without seizure, the wear is inconsequential 
and appears to have little relation to the lubricant used. 
In actual service steel-on-steel bearings and journals 
are not used. The sliding of rings on cylinder walls 
is the only place where this combination occurs. In 
order to study the effect of a reciprocating action, a 
reversing mechanism was placed on the Almen machine 
—so designed that the machine operated in one direction 
at full speed, slowed to a full: stop, and then accelerated 
to full speed in the opposite direction with a 14-minute 
cycle between stops. The reversing wear test was run 
for three hours, and the loss in weight of the pin, in 
grams, determined. The load was 2000 pounds per 
square inch. 

A study of Table 4 reveals that film strength alone, 
without consideration of wear, does not fully define a 
satisfactory lubricant. In general, it would appear that 
both high Timken steel-on-steel and high Almen steel- 
on-bronze film strengths are required for low wear. 
The only exception to this is oleic acid, which shows 
low wear in both tests but has poor film strength by 
all methods. 


The excessive wear obtained with mineral oil in both 
wear tests indicated the desirability of studying wear 
at lower loads. Table 5 gives the results of a series 
of wear tests at different loads for a mineral oil and 
the same oil plus chlor.-ester. Up to a load of 1000 
pounds per square inch, the wear appears to be of the 
same order and within the probable reproducibility of 
the test. At 2000 pounds, however, the mineral oil again 
shows excessive wear. The very low wear at excessive 
loads resulting from the use of the chlor.-ester blend 
seems to be an unusual property, as with the exception of 
chlorinated stearic acid all other products we have ex- 
amined which show low year at 2000-pound loads will 
either seize or show greatly increased wear at an 8000- 














TABLE 5 
Almen-Machine One-Hour Wear Tests—Steel-on-Brass 
Grams Loss in Weight of 
Brass Pin 
Mineral Chlor.-Ester 
LOAD—(Pounds per Square Inch) Oil Blend 
re MEANS st OM te etal Thee ig PARE oy 0.012 0.008 
at: PERS BOON ope a te eee ore meee Fa a a ef tok eee 0.010 0.014 
ON ek sa iene amas d 4 go iss dig haste edad Lo 0.058 0.050 
Os, arta hte, ceil ah ca teihied aN Ra ee een 0.859 0.040 
MONE 5 i tag aan ere abd: Wa eitbniaeaes 6 ue ct Seized 0.036 
BOONE Sibi ckka Seehioda cee hives o¥ee Pete Eee Clete 0.017 
OD sais og ae aig ae alien We a Se 0.009 
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pound load. Thus pentachloroethane, which shows the 
lowest average wear we have found at 2000 pounds, 
seizes at 8000 pounds. 


The Almen “film strength” is very sensitive to the 
speed used, and materially higher results can be ob- 
tained at lower than the designed speed of 600 revolu- 
tions per minute. Thus at 200 revolutions per minute 
chlor.-ester blend SAE-30 carries an average load of 
13,000 pounds, and at 160 revolutions per minute over 
17,000 pounds. 


BEARING-METAL CORROSION 


It is self evident that a lubricant as well as its com- 
ponents must be non-corrosive on any metals with which 
it will come in contact during distribution and use. The 
more easily corroded metals found in automotive en- 
gines are copper and various bearing metals, particular- 
ly those containing lead and cadmium. The study of the 
action of compounding agents on these metals must con- 
sider three factors: 

1. They must: be stable and non-corrosive in their 
unblended concentrated state. 

2. They must not decompose in service to form cor- 
rosive materials. 

3. They must not accelerate the oxidation of the min- 
eral oil to form corrosive products, but should act pref- 
erably as inhibitors. 

The first factor is easily tested by any of the usual 
strip-corrosion tests on the compounding agent itself. 
The second and third factors must be considered to- 
gether, since the blended oil is used in service, and the 
resultant chemical activity is due to both factors. In 
view of the present chaotic condition surrounding labo- 
ratory bearing-metal corrosion tests, we hesitate to :dis- 
cuss the subject; however, we have found the simple 
“beaker” test to be of real value in forecasting the 
corrosion characteristics of lubricants in service. Such 
a test will not show small differences between oils; but, 
along with the other characteristics, will certainly help 
in discarding the large majority of questionable prod- 
ucts. 


The “beaker” corrosion test is conducted as follows: 
200 ml. of the oil is placed in a 250-ml. Erlenmeyer 
flask which is set into an oil bath at 300°F. The test 
metal strips, one inch by three inches in size are sus- 
pended separately in a circular arrangement around the 
center of the flask, and are immersed for 80 percent of 
their height. Moist air, in the amount of two liters per 
hour, is bubbled through the oil during the test which 
lasts 43 hours. At the end of the test the strips are 
cleaned with naphtha and acetone, and the loss in 
weight determined. The test is run in duplicate; and, if 
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the discrepancy between duplicate tests is too great, ad- 
ditional runs are made to obtain a reasonable average. 
The very nature of the test makes accurate checks diffi- 
cult, but the relative degree of corrosiveness of several 
products may be obtained with reasonable accuracy. 

All types of metals found in automotive equipment, 
particularly bearing metals, have been studied; but we 
have found that a preliminary test using copper and 
copper-lead bearing metal will rate lubricants satisfac- 
torily. Products which pass this test may then be tested 
on other metals such as cadmium-alloy or lead-alkaline- 
earth-metal bearings. The results of the standard cor- 
rosion test on a number of lubricants are given in 
Table 6. 


The group of mineral oils is interesting in that the 





a slightly greater loss than the mineral-oil base and 
much less than the average mineral oil. 

The chief objection to the beaker corrosion test is 
that some products, particularly those which sludge 
badly, form a protective coat over the test strip, and 
the result indicates little or no corrosion. As an ex- 
ample, trichlororesorcinol (No. 11) shows a high cor- 
rosion on copper; but, due to the formation of a pro- 
tective sludge film on the copper-lead, indicates no 
corrosion on that metal. In general, if a product shows 
little or no corrosion on both copper and copper-lead 
and if the oil is clear after the test, indicating no 
sludge formation, it is reasonably safe to assume that 
the product is non-corrosive, and road tests as final 
proof are justified. 











TABLE 6 
Beaker Corrosion Test on Bearing Metals 
LOSS—MILLIGRAMS PER 100 SQ. CM. Timken 
‘one Film 
sed Copper- Cadmium- Strength 
PRODUCT SAE-30 (Percent) Copper Lead Silver (Pounds) 
Plain Mineral Oils: 
I OD oe Ls Cs ci bere eecwd ew ebweeebpeeae beets = 2 2 0.6 8.8 
ee i cele oc ck acta peeeesbicdseewene dere ea 7.5 10 as 7.3 
eC... . sci p wee cade peawe cata sees tlabonbeecnwe ave 10 12 5.3 
I SED ar ecarg et Lig. biz a.b bideee vib bad ESN 60% 0 tio wee e wes “ 7.5 23 8.3 
ge Es Se ots ab 0G WES Ebert 66 nhed en ae AEDEES LAs i. 16 36 9.6 
gs do SURE E Lb WEEE Dol kb ee bde sb eue eee . 6.8 1.2 8.3 
Oil No. 1 Plus Addition Agent: 
SS SE I Ce Ee ee es er Se ee ee ee 1 4.5 5.2 : 28 
ss Kahane ss easipiesse epinness s.cv'eseite tess cue 1 2 2 é 
gh, WAL) Deln'es ss Oba CU Caw ea een sc ekesesesbeecises 1 8 10 1.4 44 
ee a in Caines 4n6:6 0 CA ROMR ESET ORET CO pace egies Maes Bas 1 3 15 ne Ae 49 
a rain! ob, slus nlele st URE ESI Kp SORA Sec ice edn 0c s-5 He's 1 25 1 LK 125 
eS EMO. 6 Fos nc once ecco ee nd opese cescnecceu ments tectes 1 77 95 0 74 
13. SE Or Oe CS Ri ee cale Ue wide wds pa delet hi esltb eee cas 1 69 79 0.5 26 
14, EC oe need wg Soh GUS MES DNS 405.6 bw EEURO ey Op aeets 1 140 16 45 
IE Palade oa Wi ith dbs wet Wire base KObceOb EN Sone eNeOveceeees 1 430 485 8.3 
Commercial Compounded Oils: 
ge a a oa ak mab OSA pe CEOS HS OBRUS RSH OS oa SAS 0.75 2.7 4.8 1.6 23 
ak Ce ROC OO RNR, WRT a8 ods 5 oi bbs cle eice cle kc us dseccesssisesees 2 16 116 pe 4.3 
18. Chlorinated petroleum hydrocarbons, probably wax. ............+eeeeee-- Pree 42 65 rae 21 
ML SSS cial kbils bblde Ge Guistd Owe oeudeecdvseweseceres.on 5 13 150 123 10.8 
a Se icin d ei ke mew kabnaeabas « 0.2* 16 90 ve 36 
21. Ketones, etc., from oxidized petroleum. .........ccccccccccccccccccccsces 19 19 40 15 
Me «NNO Wromemted TON- Ol). . 6... ccc tees snc cecesccccesevesecccce 0.3* 49 153 19 
en anc a dh Oe pee Roe Ri dae’ (69a edn 6 aes eRS 0.4* 3 31 25 
i Rn , SI og does tic werd bd owiehe VOR EHEC Coe mecedcomedccreses 2.0* 27 5 28 
os sc Ua clan Ghewwhs «.bNin sn ges 4,0 604 Sb60' 0 069 85:0 1.2* 2 66 31 
26. Esterified oxidized petroleum hydrocarbons...............0eccee eee eeeees 3 5 35 17 
8 as a kn 0 ac ccc'cn SPOR MIEN Eas eee CVO ged OAO DC eCeSeeD 10 8 22 























* Percent of chlorine in blend. 


wide range of corrosion found on supposedly satisfac- 
tory mineral oils is surprising. The first (No. 1) is our 
Mid-Continent base mineral oil. The other five are ex- 
tensively-advertised and widely-distributed brands. That 
this factor of corrosion by mineral oils cannot be over- 
looked is proved by the fact that in actual road tests 
with such oils copper-lead bearing failures have oc- 
curred through corrosion in 3000 to 8000 miles of opera- 
tion. 

The second group shows the corrosion resulting from 
various addition agents compounded with mineral-oil 
base No. 1. The Timken film strength is given for refer- 
ence. It will be seen at once that a high film strength 
may mean a highly-corrosive product. The very low 
corrosion reported for pentachloroethane is due to the 
extreme volatility of the addition agent, which allows 
the practically-complete evaporation of the agent during 
the first part of the run. At the end of the test only 
0.08 percent remained in the oil. 


The third group shows the corrosion test on a number 
of branded, commercial, compounded oils purchased on 
the open market. Instead of giving brand names, we 
are giving the best information we have on the chemical 
nature of the addition agent used. It will be seen that 
the majority of these products are highly corrosive. 
On the other hand, the chlor.-ester blend shows only 


The beaker corrosion test is of questionable value on 
cadmium alloys, as protective sludge films form readily 
on those metals. As an example, both parachloroanisole 
and dichlorostearic acid show little corrosion on cad- 
mium-silver, although both products are highly cor- 
rosive on copper-lead. 


A connecting-rod-bearing corrosion-testing machine, 
recently designed by B. E. Sibley, overcomes this diffi- 
culty by continually removing the protective film. The 
Sibley machine (Figure 6) consists of standard connect- 
ing rods placed on a shaft which rotates at 1800 revolu- 
tions per minute. A 15-pound load is placed on the rods 
by means of a spring. Oil is circulated under 30- 
pound pressure ‘from a heated sump through the drilled 
shaft to the bearings. A test is run for 22 hours at 
350°F. The amount of corrosion on the bearing in- 
serts is determined as the loss of weight in grams. 
Table 7 shows the results of runs made on cadmium- 
silver and copper-lead bearings with four different oils. 
The chlor.-ester blend is our regular commercial SAE-30 
grade, and the mineral oil is the same product without 
the addition agent. The two. solvent-treated oils are 
products made from a Mid-Continent and an Eastern 
crude source, respectively. Two runs are given for the 
solvent-treated Mid-Continent base oil. At the time 
of writing, data were not available for our mineral 
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oil on copper-lead. The difference in metal-weight loss 
between the chlor.-ester blend and the mineral oils is 
entirely too great to be explained by a difference in 
corrosiveness, but indicates an actual protection of the 
metal from corrosion. This protection must be due to 


are highly corrosive on the newer type of bearing 
metals. Actual road tests under high temperatures of 
operation confirm this. 

The question of mechanical wear is not quite as clear. 
Certainly if ample oil were available at all times to 

















FIGURE 6 


Sibley connecting-rod-bearing corrosion machine 


the adsorbed film built up on the metal surface by the 
addition agent. 


BEARING PROTECTION IN SERVICE 


The primary purpose of a lubricant is the protection 
of bearing surfaces from wear. “Wear” in automotive 
bearings results from direct chemical corrosion and me- 
chanical abrasion. It is impossible to isolate the effects 
of these two factors, but it is certain that both enter 
into bearing wear under actual service conditions. 

We have shown that the oxidation products of some 
mineral oils, particularly of the highly-paraffinic type, 


furnish viscous lubrication, there would be no mechani- 
cal wear. This is proved by the fact that properly- 
designed and lubricated industrial equipment shows 
practically no bearing wear. On the other hand, auto- 
motive bearings do show wear; and, as discussed above, 
today’s automotive bearings under present loads and 
temperatures do reach boundary or thin-film lubricating 
conditions. Under such conditions the improved lubri- 
cating value obtained by a good addition agent should 
manifest itself in less bearing wear. Road tests to 
prove this must of necessity be over long periods of 
time, and to prove the value of the addition agent must 


























TABLE 7 
Connecting-Rod-Bearing Corrosion Tests on Sibley Machine 
WEIGHT LOSS IN GRAMS 
Continental Oils Solvent-Treated Oils 
Chlor.-Ester Mid-Continent | Mid-Continent 
Blend Mineral Base Base Eastern Base 
Cadmium-Silver Bearings: 

ee Fn IA LN aE RB UT EG Snap gg ena Le 0.0864 0.9526 1.2506 1.5801 2.1586 
Oe. BIR ice aa ee aa Cis chive bbe whist ee cnke poe eeeee 0.0980 0.9105 0.9724 1.4921 0.4365 
Pee PR I aig xine bib OSAP a rh WES ORD > eae OR aes 0.0789 0.9818 1.7419 1.9430 1.4616 
TUG ee Bess vais zor ees oles es be ends eta 0.0709 0.8782 0.8981 1.3298 2.0556 

Avetane lnae oer intetti oii.6sic wild Sake AGA i aeewnee 0.0836 0.9308 1.2158 1.5863 1.5381 

Copper-Lead Bearings: 

DUO, Ee Naso Snir case 6 i bs wre Sabet ena S4 s 0b kote wheats RRR et ert aes sep -0.2118 0.3007 0.4387 
PS EAL OPT TE ene ee vy oem aan VO RRESASS fledrcgeate tear has 0.2673 0.2259 0.3929 
Piet A ON rs So -aic ace n't ok is 0S ER ale Cte ob alo dois ee | es Re Sere eaten 0.1964 0.3170 0.4484 
Beg. Ba, hr eG os ia cE eo oe hk ek pane eae Oe. es So eae a 0.2153 0.2944 0.3962 

Aidteane Sten et VRE. os heh ES ee A Ree ob ee 0.2227 0 2845 0.4191 

Kewatin Ge BG: BGS oi 5 cc sis oi ob ae GALY > Shae hee 22 22 22 22% 

Average oil pressure, lbs. per sq. in.............20-000 000s 29 35 29 33 33 
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TABLE 8 
Rate of Wear of Connecting-Rod Bearings in Service 






































Rate of Wear of 
Connecting-Rod Bearings 
Percentage (Grams per 10,000 Miles) 
— of 
ing Chlor.-Ester 
Metal CAR SPEED Mineral Oil Dlend 
Copper-Lead : 
opper—58.9 DS RRS OEE: FOE CS EE SIA Siig eee OU ais eal arid Ab vbis ars lecaietaia owed 0.0924 0.0728 
Lead—40 ee ir 5 90 d's ak a ie be. w a OA NG 8 <4. spe Os MMII J ce orcaS Sicre Sox dads SOD ca OE Rad ees 0.5183 0.4569 
Nickel—1.1 EE ee es, igRIS ES k's a ity da san e's 020 a RIN oi dois eae wdc’ dears Chain ke ERO 0.3424 0.1174 
ne EN ak al ee ae are Giek MR re care iio uae a nlie ow aialain o ele a obits Oin 0.4232 0.2315 
Ny CAL oo a5 Chine ek cada 6 bs DOK KES SEEN CA latecoies oka S ies WEA Us pee Pee weal 0.0544 0.0449 
High Lead: 
d—98 es a ee A ee Pa. wwid bie. NS DESESEORY SES: EE ERO Ste NR tO, EO Ie CO 0.1864 0.1856 
Alkaline-earth oe es ves wad ele Bees RM Bare ord cee uss ss SS ke SAR we Ol 0.1024 0.0955 
metals—2 
Copper-Lead: 3 
Lead—36 Ae ene nr eee Py en NB ea ite hak aco oF 0 Haas aig ee mmc kane 0.8232 0.7112 
Copper—64 areas. CC alewiy cess au ceeds 0 5 SP 5:20 Vin Maca Cow ates Cowie ere aa EEK ES 0.3781 0.2583 
Cadmium-Silver: 
NR oc Na ea) ds wep tv's es cae 8s Reo ES, Ig God OR ER TRE MEE ET EET, atee eee 0.0922 























* Studebaker model ‘‘C"’ President engine connected to a G. E. 150-h.p. dynamometer. 


Conoco test fleet of Buick-8, model 33-67, 4-door sedans equipped with special bearings as noted. 


{fous model ‘‘C"’ 1934 President coupe. 


Conoco Ford truck test fleet, Ford V-8 1% ton trucks. 
Pontiac-8—1935 sedan. 


be made in comparison between a mineral oil and the 
same oil with the added compound. 

Such comparative road tests between our mineral-oil 
base and the same oil plus chlor.-ester are shown in 
Table 8. The connecting rod bearing wear is reported 
as the average loss of weight in grams of all connecting 
rod bearings in the car. For ease of comparison, all 
losses are reported as grams loss per 10,000 miles of 
operation. Where a “break-in” run is reported, the 
freshly overhauled engine, with new bearings, was given 
our standard break-in run of 2500 miles—starting at 
25 miles per hour and increasing in uniform increments 
to 50 miles per hour at the end of the period. It is in- 
teresting to note that, with the exception of the dy- 
namometer engine tests, the rate of wear during the 
break-in period is materially greater than during the 
running period. In all cases the chlor.-ester blend shows 
better bearing protection than the mineral oil. Since 
the corrosion characteristics of the two oils by labora- 
tory test are very low and of the same degree, we be- 
lieve that the greater bearing metal protection of the 
chlor.-ester blend is due to its greater lubricating value 
as indicated by the wear tests discussed above. 

Comparative figures are not given for cadmium-silver 
bearings, as our study of that material is not complete 
at this writing. We are simply showing an actual rate 
of wear determination made under summer-driving con- 
ditions at speeds of 50-70 miles per hour. This shows 
that this bearing is fully protected by the chlor.-ester 
blend under the severe conditions. 


CYLINDER AND PISTON-RING PROTECTION 


Until recently it has been generally assumed that 
cylinder wear results from direct abrasion between the 
piston rings and the cylinder walls. More recent in- 
formation indicates that it is largely the result of cor- 
rosion from the products of combustion, and that the 
greater part of this wear takes place during the starting 
period before the cylinder walls have reached a suffi- 
ciently high temperature to prevent water condensation 
on the surface. 

Teetor’® has shown that true abrasion may result 
when the cylinder walls are distorted from a true cylin- 
der by non-uniform cooling from the water jacket or 
by the cylinder head stud bolts. This abrasion is local 
in character, and probably ceases after the cylinder has 
more nearly reached a true circle at operating tempera- 
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tures. Abrasion may also occur because of piston slap, 
but Heldt** presents data indicating that the greatest 
wear is not, as a rule, across the cylinder. 


In 1932 Boerlage and Gravesteyn,** in reporting on 
their work on Diesel engine cylinder wear, stated that: 
“Immediately after starting up, the wear of an engine 
is a multiple of that during normal running; normal 
conditions are usually reached after two to three hours 
running.” Their procedure was to determine the amount 
of mineral matter removed from the engine by ashing 
all of the lubricant drained from the cylinder in half- 
hourly increments. Operating on their standard low- 
wear fuel, they showed the total ash during the first 
hour to be approximately 237 mg.; the second hour, 
117; the third hour, 35; and thereafter, 30 mg. per hour. 
In other words, the rate of wear during the first hour 
was eight times as great as during normal operation. 


One of the most complete studies of the factors caus- 
ing cylinder wear has been made by the Institution of 
Automobile Engineers, and reported by W. N. Duff." 
This study included all the factors commonly supposed 
to affect wear ; and indicated that such factors as speed, 
load, low oil supply, high temperatures, dilution, and 
even abrasive content (except at dilutions over 80 per- 
cent) have little of no effect on cylinder and piston 
ring wear. The only condition which seemed to affect 
the rate of wear greatly was operation at cylinder wall 
temperatures below 194°F. Under these conditions 
wear is also accelerated by lack of oil supply, the great- 
est wear taking place at low temperatures and with low 
oil supply. Continuous engine runs with a cylinder wall 
temperature of 122°F. showed eight times the wear 
that took place at 212°F. Successive starting tests, in 
which the starting temperature was 77°F. and in 
which warming up was delayed by idling for five min- 
utes, although oil was supplied from the start, showed 
about three times the rate of wear found in normal 
operation. Similar tests, in which the oil supply was 
delayed for 10 minutes, showed 14 times greater wear 
than under normal operation. 

These investigators present*the hypothesis that cylin- 
der “wear” is largely the result of corrosion by the 
products of combustion during \operation—particularly 
while starting—when the cylinder wall temperatures 
are below 194°F. Tests with hydrogen as a fuel com- 
pared to gasoline showed a cylinder-wall reduction in 
wear in the ratio of 2.6 to 1 and a top-piston-ring wear 
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TABLE 9 
Cylinder and Piston-Ring Wear 
Amount | Amount Percent 
of Wear | of Wear Greater 
with with Wear 
Chlor.- Mineral with 
Ester Blend Oil Mineral Oil 
ick Test Fleet—15,000 Miles: 
iacir eer. 6... An. pte hy apadeptest 0.1311 0.1795 37 
Compression-ring wear, .........-- 0.1666 0.3692 121 
Total time WEEE. Bo. boa ccceakads 0.2977 0.5487 84 
Average cylinder wear, in......... 0.00021 0.00029 38 
d Truck Test Fleet—12,500 Miles: 
ue chee nieces sie oe: Laine a 0.0753 0.1119 48 
Compression-ring wear, ........... 0.0791 0.1275 61 
Tehet Ci WOE Pi i pines vcckcins 0.1544 0.2394 55 
Average cylinder wear, in......... 0.00018 0.00029 62 
Chevrolet Test Fleet—30,000 Miles: 
CS NOR a ian sie ies 90a Sy 4 eee 0.2621 0.4664 78 
Compression-ring wear, ........... 0.3522 0.3828 9 
co *. go See ry 0.6143 0.8492 38 
Average cylinder wear, in......... 0.00019 0.00023 21 

















of 5.7 to 1. As wear was not completely stopped, the re- 
maining wear may be due either to nitrogen acids 
formed or to abrasion. 

They point out that if this is true, a lubricant which 
gives better protection should decrease wear; and they 
show, in actual engine tests, that a proprietary oil con- 
taining 0.6 percent of a vegetable acid base showed a 
reduction of piston ring wear of 40 percent, and of 
cylinder wear of 25 percent. They also showed that a 
simple strip-corrosion test in a steam atmosphere would 
show the difference between mineral and compounded 
oils. 

In developing this corrosion test in our laboratory, we 
used a 12-inch diameter wheel rotating horizontally at 
15 revolutions per minute. Test strips were arranged 
radially around the perimeter. As the wheel rotated, the 
test strips came in contact with a jet of saturated steam 
to which could be added vapors of hydrochloric, acetic, 
and formic acids, carbon dioxide, etc. After one hour, 
rust was carefully removed, and the loss in weight de- 
termined. With straight steam, an SAE-30 mineral oil 
showed 60 percent greater loss than the same oil con- 
taining one percent chlor.-ester ; and, in the presence of 
carbon dioxide and traces of hydrochloric and acetic 
acids, the mineral oil showed approximately 35 percent 
greater wear. 

Everett and Stewart'® and Keller’? have determined 
wear by the increase in iron content of the crankcase 
oil. Briefly, they have shown that, under the conditions 
of their operation, the iron removed from the engine 
during the first hour of operation is approximately four 
times as great as the average rate of removal per hour 
during the succeeding five hours. 

In measuring the rate of wear in our laboratory, we 
have used the same Chevrolet engine-dynamometer as- 
sembly used for consumption tests.** After several flush- 
ing charges—until the flushing oil showed no iron in- 
crease—the engine stood at room temperature (85-90° 
F.) for one hour. The water jacket was cooled to 35°F. 
A six-quart charge of oil was added to the outside sump 
at room temperature, and the engine started under load. 
The cooling water temperature was allowed to rise uni- 
formly until the normal running temperature of 180°F. 
was reached in one hour. Typical results show the iron 
removal for the first hour was 0.0204 g. for the mineral 
oil and 0.0104 g. for the same oil plus chlor.-ester. 
The average rate of iron removal for the five succeed- 
ing hours was 0.0020 g. and 0.0010 g. per hour, re- 
spectively. 

This shows the rate of wear for the mineral oil is 
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twice as great as for the chlor.-ester blend, and that 
the starting wear, i.e., for the first hour, is 10 times as 
great as for the normal running period. 

Thus a decided advantage is indicated in the use of 
a carefully-selected, strongly-polar addition agent in a 
lubricant entirely separate and in addition to any lubri- 
cation value resulting from its film strength and oil- 
iness. 

CYLINDER PROTECTION IN SERVICE 

Cylinder and piston-ring wear was determined in 
connection with car and fleet-test work in connection 
with the development of the new addition agents. The 
results of three such runs are given in Table 9. The 
actual ring wear as determined by loss in weight is sub- 
stantial, and in all cases shows a materially greater 
wear for the mineral oil than for the chlor.-ester blend. 

In all cases the cylinder wear is surprisingly low. 
All test runs were made at 50 miles per hour under 
high-temperature conditions. There were relatively few 
starts and stops for mileage covered and, therefore, the 
low wear measured is added proof that corrosion under 
starting conditions is the cause of the major portion 
of cylinder wear. 

The cylinder-wear figures are the average of six 
measurements for each cylinder. Measurements were 
taken at the top, middle, and bottom of each cylinder— 
and both lengthwise and across the block at each point. 
Precision gages, checked by accurate ring gages, read- 
able to two points in the fifth place, were used. 
Measurements before and after runs were made at 
identically the same points, and sufficient readings were 
taken accurately to “bracket” the true reading. All 
measurements were corrected for temperature. 

The differences in cylinder wear, although small, 
show substantially in favor of the chlor.-ester blend; 
the average wear with the mineral oil is 40 percent 
greater than with the compounded oil. Using the wear 
figures for the top of cylinders, the difference becomes 
greater: thus, in the case of the Buick fleet the aver- 
age top-cylinder wear with the chlor.-ester blend was 
0.00027 inch, and for the mineral oil 0.00040 inch—an 
eis of 48 percent over that for the compounded 
oil. 


¢ 


STABILITY OF COMPOUNDED OIL 

One of the most important factors in the selection of 
an addition agent is the question of its effect on the 
stability of the oil in which it is blended. Many prod- 
ucts which are very desirable from the viewpoint of 
film strength, oiliness, low wear, etc., prove to be oxida- 
tion catalysts, and increase the rate of sludge and acid 
formation in the crankcase oil. 

A desirable product should show either no catalytic 
action or a negative one. The amount of sludge formed 
during the “breaker” corrosion test discussed above is 
a good preliminary test for this factor. Table 10 gives 
the amount of sludge, in milligrams, produced per 10 g. 
of oil during the corrosion test. This indicates that 
high-film-strength products may be powerful sludge- 
forming catalysts. 

There is no satisfactory laboratory method available 

















TABLE 10 
Sludge Formation in Corrosion Test 
Milligrams | Timken Film 

per 10 Grams Strength 

of Oil (Pounds) 
Al eines Rr. 2 A CERES aS None to 1.4 
Methyldichlorostearate.................000- None 28 
BS ere ene Wp ker 64 125 
Triphenylchloromethane..................4- 27 74 
SPOON 5 5 oon eves e's 4 Sp baa REE OR 43 95 
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today which will measure the relative stability of lubri- 
cants in terms of the actual changes they will undergo 
in service. The present available oxidation tests are 
of little practical value for this purpose, since they dis- 
regard the catalytic effect of the metals with which 
they will be in contact during service and the contami- 
nation from fuel, air dust, cooling agents, etc. It is, 
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Relation between Almen-machine torque, load, and 
speed with steel on bronze. 


therefore, necessary to depend upon actual tests on the 
road to study crankcase-oil service changes. 

The results of the comparison of four oils in the 
Conoco Chevrolet test fleet are given in Table 11. The 
test represents a total of 30,000 miles on each of five 
test cars. Runs of 1100 miles were made between crank- 
case changes at an average speed of 50 miles per hour 
over Oklahoma highways under July and August op- 
erating conditions. 

Two mineral oils and the same oils blended with 0.75 
percent chlor-ester were used. Oil No. 1 was a highly- 
refined acid-treated Mid-Continent-base oil; oil No. 2 
was a solvent-treated Mid-Continent oil. Both oils were 
SAE-20 grade. The characteristics of the fresh oil are 
given in the table. 

The stability of the oils, as indicated by the Sligh 
and the Indiana oxidation-stability tests, indicate con- 
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siderable superiority on the part of the solvent-treated 
oil. The Indiana tests indicate that the addition agent 
improves the stability of the acid-treated oil, and has 
little or no effect on the solvent-treated oil. 

The actual service changes found in the road tests are 
given in terms of the average sludge and acid formed 
per 1100-mile run between crankcase-oil changes. The 
results show: 1, that the wide differences found by the 
laboratory oxidation tests between solvent-treated and 
acid-treated oils do not occur in service; and, 2, that 
the addition of the chlor.-ester tends to decrease rather 
than to increase the amount of oxidation of an oil in 
service. 

It is essential that a crankcase lubricant does not 
produce corrosive decomposition products in service; 
and, therefore, the corrosiveness of the used crankcase 
oil is of value. The last section of Table 11 gives the 
average corrosion on copper and copper-lead_ bearing 
metal for the four oils in question after 1100 miles of 
service. Compared with Table 6, it will be seen that 
there has been little change in this factor during use. 


OILINESS 


The greatly over-worked word “oiliness” has been 
used to cover a multitude of opinions and hypotheses on 
the theory of lubrication. We believe that, from its 
historical development, it should be limited to that 
phase of lubrication which considers the coefficient of 
friction under boundary and thin-film conditions. A 
low friction under all conditions of lubrication is de- 
sirable, but under boundary lubrication it is essential. 
This importance is not due to loss of power, but to the 
increased production of heat through high friction. The 
frictional loss of power in the modern engine is but a 
small fraction of the total available power and is, there- 
fore, of minor importance. The heat resulting from 
boundary lubrication with an oil of low oiliness may 
quickly result in temperatures so high that a mineral- 
oil film fails. A compounded oil may have oiliness with- 
out high load-carrying ability. This is characteristic of 
the fatty acids, which under thin-film conditions—but 
below their film strength—will show low friction and 
prevent failure by keeping the temperature at a safe 
point. The newer products, such as chlorinated esters, 
may have both oiliness and film strength—which per- 
mits the oiliness characteristics to function at higher 











TABLE 11 
Crankease-Oil Stability in Service 
No. 1 No. 2 
Mineral Plus Mineral Plus 
Oil Chlor.- Oi Chlor.- 
No. 1 Ester No. 2 Ester 
Fresh Oil: 
NGA Sa wd ara tock vs ag hosic we 26.9 26.4 28.7 28.8 
ON Sr ee ee eee ee 430 430 430 430 
ee occ ds set cbiaw urs 495 490: 490 490 
Viscosity at 100° F.............. 354 345 345 335 
Viscosity at 210° F..... 0.2.0.8. 53.8 53.3 54.9 54.6 
SEE debra ic. 0.4 de 4 SUMS be. 6 29 29 24 24 
Neutralization No.............. 0.028 0.045 0.045 0.045 
Carbon residue, percent......... 0.25 0.25 0.13 0.12 
po ha a ERs peer 13 16 1.6 0.2 
Indiana Oxidation Test: 
Hours to produce: 
100 mg. sludge per 10 g. of oil.. 38 45 99 96 
1.0 neutralization No.......... 30 38 47 46 
True-color increase, 50 hours..... 34 31 18 20 
Chevrolet Fleet Runs: 
Average percent sludge per 1,100- 
eee SE I ER FA eae 0.41 0.35 0.33 0.32 
Average neutralization No. for 
RPO clk. ci ceases 0.358 0.315 0.248 0.245 
Average true color.............. 277 276 157 155 
Se of Used Crankcase 
Milligrams loss per 100 sq. cm.: 
as daha tin kw ides Wie nec ae 4.8 2.7 11.7 13.9 
NN SIGE ES Pee 3.0 4.8 24.0 20.6 
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loads and temperatures than in the case of the fatty 
acids. 

It is probable that the characteristics of oiliness, as 
differentiated from film strength, is the result of the 
formation of a true adsorbed film of substantial thick- 
ness and permanence by polar molecules. Clark, Lincoln, 
and Sterrett, as well as many others, have shown that 
such films are unquestionably formed. It is, therefore, 
probable that the adsorbed film which gives oiliness is 
that which also gives metal protection against corrosion. 


The relative oiliness value of two oils may be shown 
on any laboratory apparatus which will measure the re- 
sistance to motion of surfaces under thin-film condi- 
tions. The relative values, however, may change 
widely—depending upon the conditions of test, metals 
used, etc. The scope of this paper does not justify an 
extensive discussion of the many methods of measuring 
oiliness to be found in the literature, but we will give 
a single example for illustrative purposes. 


Figure 7 shows the relationship between torque and 
load on an Almen machine, using a steel bushing and 
bronze pin at 1.2, 600, and 1882 revolutions per minute. 
The results are shown for SAE-30 mineral oil and for 
the same oil plus chlor.-ester. It is particularly interest- 
ing to note the decrease in load-carrying ability of the 
mineral oil with increased speed. 


It is impossible in practical road tests to isolate the 
effects of oiliness as defined above. However, in all our 
road work we have found a definite lower operating 
temperature as measured by the differential increase in 
water temperature, temperature of oil from the bear- 
ings, and the oil-sump temperature, for the blended oil 
as compared to the mineral oil under comparable operat- 
ing conditions. As an example, in the Chevrolet fleet 
tests, where the comparisons were carried out under 
conditions as nearly identical as was physically pos- 
sible, the average sump temperature of the cars on the 
chlor-ester blend ran 8-10°F. below those on mineral oil. 


Probably the best example we have of this char- 
acteristic was made at the Indianapolis speedway, where 
a Studebaker racing car was under test at 104 miles per 
hour. Switching from mineral oil to chlor.-ester blend 
and back showed an average lower sump temperature of 
20°F. under identical driving conditions. 


MISCELLANEOUS CHARACTERISTICS 


Consumption of Oil in Service 


The question of a relationship between oil consump- 
tion and the use of an addition agent is controversial, 
and must depend upon the future for final proof. The 
best available information we have, both from dy- 


-Namometer and road tests, indicates a decrease in con- 


sumption with the addition of chlor.-ester and similar 
oiliness agents. The many factors entering into the con- 
sumption of crankcase oil make it difficult to isolate any 
one factor; however, in fleet tests, in which the con- 
sumption of oil in each car was calibrated before and 
after the test with the same oil and the individual car’s 
consumption corrected by that calibration, the chlor.- 
ester blend shows an average lower consumption than 
the mineral oil. Thus, in the Ford test fleet the blend 
showed an average mileage of 359.9 miles per quart as 
compared to the mineral-oil average of 309.0, or an in- 
crease in mileage of 16 percent. 

Under abnormally severe operating conditions, much 
greater differences are found. Thus, in the case of the 
Buick fleet during tests on Pikes Peak, the mineral .oil 
showed a mileage per quart of only 237.5 as compared 
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to the 403 for oil containing chlor.-ester. In this case, 
all the cars in the fleet when new had been adjusted to 
show the same consumption. After 25,000 miles of 
severe operation, including the abnormal alternation of 
extreme heat and cold in the Peak tests, the car lubri- 
cated with mineral oil showed excessive cylinder and 
ring wear which resulted in excessive consumption. The 
large difference in consumption found in these tests is, 
therefore, the result of the differential wear rather than 
inherent differences in the factors controlling the rate 
of consumption. 


Consumption of Addition Agent in Service 


An addition agent may be consumed in service at a 
greater rate than the oil, due to either decomposition 
or vaporization. Such very volatile agents as penta- 
chloroethane, dichloroethylether, dichloropropylether, 
tetrachloroethylene, etc., vaporize rapidly under high- 
temperature operating conditions — thus making them 
unsatisfactory for practical use, regardless of film 
strength. 


Many analyses of used crankcase blended oils indi- 
cate that the chlor.-ester content is little changed in serv- 
ice. As an example, a V-8 Ford truck, operating with a 
load of 18,000-22,000 pound at an average speed of 40 
miles per hour and an average distance of 300 miles per 
day, was run 4016 miles on a crankcase charge of 5 
quarts of chlor.-ester blend, to which 5 quarts were 
added as make-up. At the end of-this distance the crank- 
case oil showed an oil-soluble organic-chlorine content 
of 0.130 percent, as compared with the initial figure of 
0.137 percent, indicating that the addition agent had 
been consumed at the same rate as the oil, 


Effect on Physical Characteristics of the Oil 


In general, the small quantity of an addition agent 
has little or no effect on the physical characteristics 
of the oil, but a few factors must be considered in the 
final selection of a product. It should be perfectly solu- 
ble at all temperatures, so that neither the cloud nor 
the pour test of the oil is raised. The more volatile 
products may depress the flash point, and in the case of 
volatile chlorinated hydrocarbons may give a peculiar 
bluish glow rather than a true flash. The material must 
not be water-soluble or tend to increase the emulsifying 
characteristics of the oil. As a rule, the ester type of 
compound has low viscosity and a high viscosity index, 
but is used in too small a quantity to make an appreci- 
able difference in the mineral oil. 


Toxicity 


Neither a compounding agent nor its decomposition 
products should have any toxic or obnoxious—such as 
odorous, anaesthetic, or corrosive—characteristics. As 
an example, the animal and vegetable oil bases cannot 
be used because of the offensive odor from the decom- 
position products of the fixed oil. Some of the xanthates 
and phenolic compounds show excellent film-strength 
and oiliness characteristics, but have offensive odors 
which, in some cases, are nauseating. Relatively vola- 
tile products, particularly highly-chlorinated lighter hy- 
drocarbons, are undesirable—both because of their loss 
through evaporation in service, and the possibility of 
harmful effects to the operator of a closed car. 

Methyldichlorostearate has none of these objections. 
It is non-odorous and non-irritating. In three years of 
commercial use, the workmen handling both the ester 
and compounded oil have found it entirely harmless; 
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and, as previcusly discussed, it is non-volatile under the 
most severe operating conditions. 


SUMMARY 


The increased severity of the operating loads, speeds, 
and temperatures of the modern automotive engine 
have necessitated the improvement of crankcase oils. 
The true lubricating value or the ability to lubricate 
under severe or abnormal conditions may be improved 
by the use of a carefully-selected addition agent. The 
selection of such an agent cannot be accomplished with 
a single or limited group of laboratory tests, but must 
ultimately depend upon actual service tests on the road. 
A detailed study in the laboratory of all of the factors 
involved in lubrication is a valuable preliminary step. 
The various factors which must be studied are: 

1. Load-carrying capacity is the ability to carry the 
highest possible load at the highest probable tempera- 
ture with a minimum supply of oil for an indefinite 
period. 

2. Oiliness—which is the ability of a lubricant to 
operate under boundary or thin-film conditions with 
low fxiction and resultant low heat formation. 

3. Metal wears: The oil must not only carry high 
loads with low friction, but must do so without appreci- 
able metal wear. 

4. Corrosiveness: Neither the agent nor its decom- 
position products should be corrosive to any metal with 
which it will come in contact during distribution or 
service. 


5. Corrosion protection: The product must not only 
be non-corrosive itself, but should form a strongly ad- 
sorbed film on metal surfaces which will protect them 
from the corrosive products of combustion and of oxi- 
dation of the mineral oil. 

6. Stability: The addition agent must not only be 
stable under the highest temperatures reached, but it 
must not accelerate the oxidation of the mineral oil. 
It should act preferably as an inhibitor. 


7. Physical characteristics: Its physical character- 
istics, such as volatility, flash point, pour test, solu- 


bility, etc., must not be detrimental to the required 
specifications of the mineral oil. 

8. Toxicity: The addition agent must have neither 
toxic nor obnoxious characteristics. 

The laboratory and road test data submitted show 
that all of these requirements can be secured by the 
use of a chemically-stable highly-polar compound such 
as the esters of chlorinated aliphatic acids and mono- 
hydric alcohols, specifically methyl-a, a-dichlorostearate. 
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The Petroleum Refiner Views 


Development of High-Speed 


Diesel Engine Fuels 


WILLIAM MENDIUS, 
W. AINSLEE, 
Sinclair Refining Company, Chicago 
and 
Cc. H. SCHLESMAN, 
Socony-Vacuum Oil Company, New York 


HE compression-ignition engine was invented in 

Germany in 1892 by Dr. Rudolf Diesel. During the 
past 35 years development of the engine has proceeded 
in an orderly fashion, until at the present day this type 
of equipment is recognized as one of our important 
forms of prime moyers. 

While many of the mechanical problems which were 
met in the gradual evolution of the Diesel engine have 
been solved by brilliant research and invention, many 
of the chemical and economic problems which originated 
with the demand for large quantities of Diesel fuel 
have been given but scant attention. 

Dr. Diesel set himself to the task of developing an 
engine which might be operated upon fuels of the crud- 
est sort. Hence, he was not faced with any difficulty 
in finding a large variety of fuels upon which his in- 
vention might be operated. 

The large stationary and marine Diesels, following 
the path mapped out by their inventor, were of necessity 
designed to operate upon available fuels, since they 
were required to compete with the steam engine which 
employed low-priced coal or the cheaper bunker oils. 

The development of the compression-ignition engine 
proceeded slowly during the first years of the present 
century, approximately 4,000,000 horsepower’ of Diesel 
engines having been built between 1900 and 1932. Dur- 
ing the past three years the field of usefulness of the 
compression-ignition engine has changed. Between 1932 
and 1935 the American public became conscious of the 
possibilities of the compression-ignition engine, with 
the result that about 700,000 horsepower’ additional of 
engines was created. The latter engines differ from 
their predecessors in one important respect: they are 
small, light-weight engines —the so-called high-speed 
Diesel engines. 

The manufacture of thousands of the new type of 
prime movers immediately created a demand for a fuel 
which was adapted to the requirements of the new en- 
gines. The first Diesels of the high-speed type were 
forced to run upon whatever fuel was at hand; since, 
in most eases, the designers were so tied up with the 


‘From L. H. Morrison, Diesel Engineering Handbook, 7 edn. 
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THE conventional Diesel engine, which has heer 

in use for one-third of a century, has demon- 
strated its ability to operate upon fuels of almost 
every description. The modern high-speed Diesel, 
however, requires a carefully-prepared fuel for its 
successful operation. 

The great variety of fuel specifications in vogue 
threatens to limit the widespread adoption of high- 
speed Diesels. In the present paper which was pre- 
sented at the Sixteenth Annual Meeting, American 
Petroleum Institute, at Los Angeles, November 14, 
1935, the authors point out that the costs of dis- 
tribution of Diesel fuel will become excessive un- 
less the Diesel builders and the consumer are able 
to agree upon a smaller number of grades. 

It is suggested that advantage be taken of the 
existing distribution systems which have been set 
up for the distribution of household-burner fuels. 
If cooperation between the engine builder and the 
refiner is possible, the authors believe that house- 
hold-burner fuels can be developed which will also 
be satisfactory for use in modern high-speed 
Diesel engines. 











problem of producing them as rapidly as they were 
demanded that little time was available for studying the 
fuel which they would be required to consume. 

To protect themselves from certain injurious fuels 
which were responsible for failures of some of the 
earlier engines, the engine builders soon drew up fuel 
specifications which were, in effect, simply descriptions 
of a particular fuel which the factory had found to be 
satisfactory. This relatively unsatisfactory condition 
was remed'ed recently by a few of the builders through 
the adoption of more intelligent specifications, based 
upon actual investigations. 

In 1932, however, the situation was still almost in- 
tolerable. At this point the American Society for Test- 
ing Materials stepped in with the aim of bringing the 
builder, the fuel producer, and the consumer together. 
This resulted in the ASTM Diesel Fuel Committee, 
which set up a tentative classification in 1934. 

The society, continuing its investigation, considered 
the interlocking nature of the properties of petroleum 
in drawing up its tentative classification. The 1935 
Diesel fuel classification of fuels for high-speed engines 
is shown in Table 1. 


The fact that these classifications prepared by the 
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society are now available would indicate that a satis- 
factory position had been reached. However, the refiner 
who is attempting to set up distribution facilities for 
Diesel fuels soon finds that this is not the case; and 
that while many of the consumers are demanding fuels 
which meet ASTM classifications, engine builders are 
specifying special fuel characteristics which are not cov- 
ered by these classifications. To complicate the condi- 
tion further, a fuel that meets the requirements of one 
engine builder may be found to be unsuitable by an- 
other builder. 


TABLE I 
Diesel Fuels 
(ASTM Classification) 








(Abridged) 
No. 1-D No. 3-D 
Flash point, ° F. (minimum)*.................... 115 or legal 150 
ee CN ng. 5 nce cic bos seecs 35 35 
Viscosity, Saybolt Universal, at 100° F., sec........ 32-50 32-70 
Carbon residue (maximum), percent.............. 0.2 0.5 
Ash content (maximum), percent................. 0.02 0.02 
Water and sediment (maximum), percent.......... 0.05 0.1 
Sulfur (maximum), percent}..................... 1.5 1.5 
EE CEG Le Wak Wonton vb cs ckchccsécscseaces 50 40 














* Minimum flash point, as stated or as required by local fire regulations, fire 
underwriters, or state laws. 

+ Lower pour points may be specified whenever required by local temperature 
conditions to facilitate storage and use, although it should not be necessary to 
specity a pour point of less than 0° F 

t For intermittent service. 


In Table 2 are reproduced some of the latest engine- 
builders’ specifications for high-speed Diesel fuel. Ref- 
erence to the table will serve to show that no single fuel 
will meet all of the specifications. 


A review of the listed engine-builders’ specifications 
shows that it is practically impossible for the refiner to 
produce fuels to meet the demands of each engine 
builder. If it were feasible to produce a large number 
of fuels, each prepared to the specifications of one or 
two engine builders, the price of such fuels would be 
high because of high manufacturing and distribution 
cost coupled with small demand. 

This is also a problem of the engine marketer; for a 
fleet operator may have two or more types of engines 
in his fleet, and he may not like to arrange for two or 
more kinds of fuel. 

Not only must the agreement of specifications be con- 
sidered, but the limits must be such as to permit quan- 
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tity production of fuels. This point is illustrated graph- 
ically in Figure 1. 

No attempt has been made to make this chart com- 
plete; however, it illustrates the point that when any 
one_characteristic is limited, it also limits other char- 
acteristics. It can be seen that by changing the specifi- 
cations away from those set up by the American So- 
ciety for Testing Materials a quantity of refinery stocks 
is cast outside the usable range. 


It is recognized that the designer of the aircraft 
Diesel may require a highly-specialized fuel which, of 

















TABLE 2 
Diesel-Engine-Builders’ Fuel Specifications 

BUILDER mM | N o P Q R s T U Vv 

Genvicy. EE Saas eee af o'dk so ube cs ‘PRE sae neat 30-35 26-29 Sona 26-36 22-34 24 or above Kate 
scosity, Saybolt Universal, at 100° F., sec.} 35, min. 32 35, min. 35-40 35-40 35 34, min. 37 35-80 35, min. 

ASTM Distillation in ° F.: 

Initial boiling point................. wee ene 

Es Ca Stics 0 608 o 0s 256s 460 was 460 

90-percent point............ ic fae die Nae rp cee hls 675 ares 675 

ES ies 5 Bie ain Goce wks von 95 percent 98 percent | 98 percent atiag ‘rr err 700 

at 640 at 700, at 700 
maximum | maximum 
Recovery, percent.................. 9 98 percent 98 percent, | 98 percent, 
minimum minimum | minimum 
Sulfur (maximum), percent.............. 2.0 0.7 0.5 0.5 2.0 1.0 0.5 0.75 0.5 
Carbon residue (maximum), percent. . 0.25 0.5 ts 0.03 0.03 1.0 Sens 1.0 0.1 0.25 
Ash content (maximum), percent......... 0.01 SOE 0.02 0.02 0.02 0.5 0.02 0.02 
Residue (maximum), percent............. awa oy: 2.0 Pas S352 ine wens Pees ae. 
(open cup) 
6) AEE Ss da RRL eA Bad owes een ae fa 18,500, 
minimum 
EE, Ds GTOIOL obec b alee clin kc wales 45, min. 40 50, min. 46-60 38-48 50, min. | 50, min. aaa 50, min. | 50, min. 
70 heptane 

Critical-compression ratio................ 8.5, max. eens Xen Saket 8.5, max. 
OSE TS ST ee eae er ee? aia: ie 35-46 29-37 ed eke nicach vege Fe Sad. « 
Water and sediment (maximum), percent.. 0.05 Het 0.5 Trace 0.2 0.5 1.0 0.5 0.5 0.5 



































Pour Point: The fuel must flow at lowest atmospheric temperature at which engine is operated. 


Flash Point: 
of some states for fuels used in building. 
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Flash point is not considered important by any of the builders, but most of them specify a minimum of 150° F., because ffs is the legal limit 
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TABLE 3 
Burner Fuels 


(ASTM Tentative Specifications for Fuel Oils, D396-34T) 





No. 1 


No. 2 


No. 3 





Flash point, ° 
Pour point, ° 
ASTM Distillation in ° F.: 
10-percent point 
90-percent point 
End point 
Viscosity, Saybolt Universal (maximum), at 100° F., 
Carbon residue (maximum), percent 
Water and sediment (maximum), percent 
Sulfur (maximum), percent 


100—150 or legal 
15* 





110-190 or legal 
15* 


440, maximum 
620, maximum 
600, minimum 





110-200 or legal 
15* 








* Lower or higher pour points may be specified whenever required by conditions of storage or use. However, these specifications shall not require a pour point 


lower than 0° 


+ This requirement shall be waived when the carbon residue is more than 0.07 percent and less than 0.15 percent. 
























































































































































TABLE 4 
Commercial No. 1 Burner Fuels—Laboratory Inspection Data—Midwest Source 
SAMPLE NO. 1 2 3 4 5 6 7 8 9 10 il 12 
IN oka a.g oan a gipld 6.6.4.64 34 Kolns Aes 41.7 39.3 37.2 41,1 39.3 41.9 43.0 43.0 40.0 40.0 38.0 40.9 
ASTM Distillation in ° F.: 
Se Pee 35% 310 358 349 347 323 364 360 330 350 364 380 
10-percent point........2...2.ceseeeoen 397 403 392 392 416 410 377 400 385 420 384 426 
I I iii8 sic brain cninwdinintet a stnecd 436 454 424 428 464 454 420 435 467 445 421 482 
Cm WIIG. 5 0 ic. c <c'n cei Ce vckce eae 489 508 461 484 517 498 466 485 525 475 466 537 
PRCA ORE re eee Ce 545 564 504 546 565 534 498 550 590 500 503 560 
Flash point, Pensky-Martens, ° F............ 142 128 144 138 342 130 115 HN 125 117 pags 162 
a. 60-bdwd aan hee eE ba neo.e dt earpbaa 1%+ 1+ 1+ 1%+ 1+ 1— ee +16 +16 0—1 6 
hite 
ee SEN Peer eee Serre ew ree ere O.K O.K. O.K O.K. O.K. O.K. bai O.K. O.K. N.G. 
Water and sediment, percent................ None None None None None None None ee viaok ahi 
Carbon residue, percent...............2-60. 0.013 0.024 0.060 0.022 0.009 0.012 0.010 0.001 aig 0.010 
MNO So i so wastes hose ehulhen 0.01 0.48 0.31 0.11 0.10 0.01 pe 0.084 0.028 0.060 
NG as Nae nd: 6 aaa. tcc’ al oslo Bes taeda 64.7 61.7 47.5 60.6 63.0 67.8 ae fas ae sai site 
Se ON, FO 5S aso. sob 6 Mevrane so Ova wines Below Below Below Below Below Below —25 Below0| —40 | Flow at 0 
—10 —10 —10 —10 —10 —10 25 
Viscosity, Saybolt Universal, at 190° F., sec 33 33 31 32 33 33 30 33 32.5 34 
TS PEP PP EEO R ET TEER KT Ea OLE CEC. 53 51 39 50 53 54 55.9 55.3 44.9 58.5 
TABLE 5 
Commercial No. 2 Burner Fuels—Laboratory Inspection Data 
SOURCE MIDWEST EAST COAST 
CA MUM 2 oa-wint's wud s eB ee ws 1 2 3 4 5 6 7 8 % 10 11 12 13 
Bae Ft SRE a es ae ee 38.0 39.0 37.0 35.0 36.0 35.6 32.9 37.2 36.4 35.4 35.4 31.7 38.0 
ASTM Distillation in ° F.: 
Initial boiling point........... 375 375 370 375 375 330 374 327 373 369 358 375 375 
10-percent poimt..........6s05% 424 425 440 405 405 414 437 447 426 427 425 431 424 
50-percent point.............. 501 501 512 430 aii 459 473 530 476 485 477 493 501 
90-percent point.............. 597 601 590 464 475 518 528 604 548 574 560 570 597 
BS Say Ae ae ane 647 656 650 538 600 606 621 638 610 634 626 653 647 
Flash point, Pensky-Martens, ° F.... 164 130 170 170 170 140 174 148 164 152 156 154 164 
RSE Aer eee erat ye Dark, 1 o—1 1% ae bce 4+ 4— 2— Dark, 2 | Light, 2} Dark, 2| Dark, 3 Dark, 1 
EY. rae Fare eee ee eee wee ae sate a O.K. O.K. O.K His aie pact vate iw 
Water and sediment, percent....... Trace None cn tak None None None Trace Trace Trace Trace Trace 
Carbon residue, percent............ 0.01 0.02 0.02 0.006 oe 0.033 0.06 0.03 0.012 0.018 0.01 0.01 0.01 
Peeler, Pewee. ok. 5 cs Seta svn sar 0.08 ae 0.25 0.24 0.3 0.16 0.31 0.12 0.24 0.63 0.28 0.28 0.08 
I POR s Mes cies ca ied deve sualces ee ian Sa seh aaa 51.0 47.5 71.7 57.2 60.6 56.1 56.5 68.8 
Peat ee Tbe pc olew kaa ed 0 —25 0 | Below0 pers y “Tr yaa Below 0} Below 0| Below 0 | Below 0 0 
Viscosity, Saybolt Universal, at 100° 
Pe RIN Ret in ee Pe er 2h 35 33 36 32 32 33 35 33 34 35 34 36 35 
(REY SRM T SRLS ty Diets 54.9 53.9 54.3 46.4 48.3 46 43 56 49 52 48 44 55 
TABLE 6 
Commercial No. 3 Burner Fuels—Laboratory Inspection Data—Midwest Source 
Ce a a ah ess MEET es Sean ewe 1 2 3 4 5 6 7 8 9 
AVI Re ere kee cia «cid ee'e Shes wares Stes 32.0 33.0 26.4 31.9 36.7 26.8 34.0 30.4 39.0 
ASTM Distillation in ° F.: 
JRSEREE WUE ING 0S soo ss cps sa Sere ans od pase es 296 375 346 287 310 354 410 372 400 
10-percent POIME. 6 cee ee cee cece reece wees 431 432 437 431 428 444 445 418 aes 
CR MO a ac a anc eg cacie Mabe é kavba 473 487 516 473 487 530 503 498 ‘ 
Gene NN ia a a ER EES E'S 532 595 620 536 553 637 605 673 xt, 
RRL Re: RON Te Pepe ere FBI Be! 638 679 704 637 618 734 634 700 625 
Flash point, Pensky-Martens, ° F..............+-++:: 120 172 154 116 146 162 160 170 ng 
MOG iad brs 6h dnc. Hida Saale Set bund Rak eas DL 44+ 3%+ 8+ 4%+ 3+ 8+ 3 8 
ee SRR at aA A Se AE RTE O.K O.K Too dark O.K O.K. Too dark meee fas 
Water and sediment, percent...........00.ceeeee0es None None None None None Trace baw Aes" 
Br Ge SERN, DOU oss sides sadiainig.cedeinan bm 0.096 0.0 0.044 0.035 0.053 0.070 0.050 0.070 
Pius, OS i re SEP Sea ee ete gee 0.22 0.65 0.60 0.24 0.14 0.59 thd 0.400 
Aniline Rh Re Pet Pee ee ogee se es nc Por ee 44.4 54.3 37.9 44.5 61.5 42.7 re conti cli 
OR Sa Sie Seapets Below —10| Below —10 —5 Below —10|Below —10 —10 —25 0 yi 
Viscosity, Saybolt Universal, at 100° F., sec........... 36. 37 34 35 34 34 37 38 
CCIE ia ic ca cee n SER SEER Asda os Kae kPa 46 36 40 52 49 47 44 2% 
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TABLE 7 
Basic Straight-Run Diesel Fuels 


















































BARRELS PER DAY 
CRUDE Mid-Continent Pennsylvania Gulf Coastal California 
Crude Ca ty* 
as ea ea eNO a a Acad elavceleS ole a blewets elle jaan ka NPG ae, SEE era eto aine iae aati eer! < phen 
I ae oire Sie oat aaa aides dunes b06 seca nerehenvacse ll —  “eemakehs ae Se ee eee: 
oie eae gS elke WS ewe OE-a Se Cov owes eeetnc’ RS ee ae a Beek sn A Ea 
Neen eee ea od besinia aig wleieinipeies opebewebee veeee's ee Ps hg ete PP ee = ped Gait a gee 
Sees aCe ae Geno cbin es ue cue ossgc's 0 6eneee's A See ee ere ee a) Sorne t Re 
Ra Se aaa a rie ot a is igh ie aieba enlaces ceesd est aciea tape heh stk, ae Theaae Poe: 
SEE LE gE OS EE Me RRC een at ues a ema ee ate See a Be tae 
cs oss scenes secceeccesteceestseccene’s We OR a a AER OE Rae a ee ete 
oka Ceca OP tah £6 cae csuspels 6'ssd sa Wicdbewecteeh (be haces LO wdwees, FE > Baek 81,975 
EE IE RS EDIE REP et EEN MEE a TREE: aero: Seen eer 755,210 
ET CT Fate aa Heras PE cs eve k sae ce cca Chere cbs baeebas 1,886,734 154,150 675,500 837,185 
Grade Runt 
463,000 (1) 98,000 (2) 511,000 (6) 41,000 (9) 
ee OE ae 110,000 (7) 431,000 (10) 
EE ea Oe ACE) pare Rene? Se orale 
aS ea Top Peel tae Eek: Bema een aa 
NE Or ts Ore ee a a Pee 
ee ee eee a eee Rk S&S DW Oa oe Oe Fa a. heehee 66 1,185,000 98,000 621,000 472,000 
RS? Sia SOT aE ae Sunwin diols «oe ee be arewee Ub Uaoe 62.8 63.5 90.0 56.4 
SAMPLE: 
A B A B A B A B 
Potential Gas Oil Yieldt 
rg ng ut Ob Ws deen hes tenedheees 30 29 27 32 26.0 38.0 20.0 27.0 
Characteristics: 
hint U0. Sis eee wae dd eSebasescceye ss 39.3 37.0 44.0 40.0 28.8 25.2 38.0 34.0 
ASTM Distillation in ° F.: 
Slee ed las yeh ad 6 hb ede eb ages 350 400 350 400 350 400 350 400 
i a akc Ae Ev eds bene nce tbccrne ce 465 523 464 543 505 573 475 586 
se ed ah cs ewan ad bth aa eo eRe ees 600 700 600 700 600 700 600 700 
TE Oe a Se eee ee ee 0.085 0.13 ae ey 0.09 0.12 0.026 0.052 
EE GE eee ee ee eee eee re ee —10 +5 30 40 Below —25/ Below —25 —20 0 
Viscosity, Saybolt Universal, at 100° F., sec............. 35 39 33 37 34 44 34 38 
es Pa OL ts 8G wack ens ds 6 ba 0.08 teeepeeens 61.5 62 66 65 43 42 58 56 
































* From Bureau of Mines Information Circular No. 6807 (Aug., 1934) as of Jan. 1, 1934. 


+ Average of A.P.I. weekly refinery statistics. 
¢ From assay data of individual crudes. 


course, will be supplied at a premium price. The mar- 
keter of the automotive Diesel, however, is in direct 
competition with other types of power producers, and 
the main sales point is low fuel cost. For this reason 
it appears that in the future the conventional high- 
speed Diesel of the automotive type must be designed 
to be operated upon the fuel which is cheapest and, if 
possible, already widely distributed, to avoid adding a 
separate distribution charge. 


Diesel fueling is faced with two distinct problems: 
1, to find widely-distributed fuels for use in engines 
now operating; 2, to develop for the future an engine 
and a fuel which, when employed together, will produce 
power at the lowest possible cost. 


Examination of the characteristics of currently-pro- 
duced burner fuels which are available in most districts 
of this country reflects a possible solution of the first 
problem. There is reproduced, in Table 3, the ASTM 
specifications covering No. 1, No. 2, and No. 3 burner 
fuels. In Tables 4, 5, and 6 actual laboratory-inspection 
data of a representative number of burner fuels mark- 
eted by competitive refiners during 1934 and 1935 are 
given. Careful examination of these data will show that 
like-grouped fuels are reasonably uniform. 


The No. 1 fuels generally have a cetene rating be- 
tween 50 and 55; they have low viscosity of about 32 
seconds, and they have a relatively low boiling range. 

The No. 2 fuels have a somewhat higher boiling 
range ; a viscosity range from 32 to 30, and cetene rat- 
ings approximating 45 to 50. 

The No. 3 fuels approach Diesel fuel boiling-range 
specifications ; their viscosity ranges from 34 to 37, and 
their cetene rating may be classified as 40 to 45. 

It is appreciated that some of these products do not 
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meet every requirement of any single grade; e.g., one 
sample of No. 1 burner oil had a Saybolt viscosity of 
30 seconds. They all appear to be quite satisfactory 
with respect to carbon residue and sulfur. Their pour 
points are 0°F., or lower. They have become fairly well 
stabilized after several years of experience, and are not 
likely to change materially in the immediate future. 


It has been previously pointed out that the petroleum 
industry is not able to develop and market as many 
different Diesel fuels as there are leading engine build- 
ers. Review of the builders’ specifications shows that 
it is hopeless at the present time to market a single 
fuel which will meet even the majority of these specifi- 
cations. Therefore, it seems necessary that the specifi- 
cations be adjusted so that they can be met with a 
reasonable number of fuels. 


It has been fairly well proved that practically all 
high-speed Diesels can be operated satisfactorily with 
a market supply of but two grades: one a light distil- 
late, and the other somewhat heavier—the selection of 
which of these fuels to use to be left, to some extent, 
to the consumer. After all, it will not be many years 
before the consumers will have some very definite ideas 
concerning the type of fuel to use. 


It seems that the present supply of burner fuels of- 
fers a logical source for the present Diesel fuel market. 
It must be admitted that some of these burner fuels, 
although excellent for their. intended purpose, possess 
cetene ratings too low for practical use. These would 
automatically be excluded from the Diesel fuel market, 
which would have little or no influence on their original 
market. The stocks acceptable for Diesel usage (those 
having cetene ratings of approximately 40 and higher) 
can be readily supplied on the basis of current Diesel 
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TABLE 8 
Basic Cracked Diesel Fuels 





BARRELS PER DAY 





















































CRUDE Mid-Continent Pennsylvania Gulf Coastal California 
Senate Wee ici oie Ress Om « AR Sees v olcedee » a0 0 GRE UBC ate os M4 Oat Men he ee ead 1,185,000 98,000 621,000 472,000 
CRACKED FUEL OILS A B A B 
Sield, percemit. of crude CAprGMNMte), 6 oink s 6c chic cs ce seen s ceeseaees sper 5-30 1-10 10 3 35 10 
SAMPLE: 
A B A B A A B 
ei. OMe ee eB dl i dash GREK ie +e OME CO bee bees 36.8 28.4 40.1 32.1 28.2 32.4 16.7 
ASTM Distillation in ° F.: 
Sen NE I i's aston ap ere Spits Wannabee rie ewe 368 368 367 360 362 425 392 
TO NS 5 20s soo ik oie ok 8 opie sae dared oe ee 416 437 404 418 432 445 470 
OU sis Ss 5 Os 5-5 CS ea oe 468 475 470 486 468 476 523 
OU CmON NE i556 dad hs 8a css baer sn secdawill 540 536 529 548 504 538 694 
jn PE Pip ot sie eee eee ree Pe at eee ee ee 586 586 599 636 526 525 721 
TR nn a eae b eile ahaa ate 0.139 0.262 tS: ip 0.065 0.25 0.28 
Pou We oc ce Ss es hee eck hae bee sO ae Below —15 | Below —15 0 0 Below —15 0 
Viscosity, Saybolt Universal, at 100° F., sec.............. 3 33.8 32.4 33.6 34.4 
TD ee a PE ae ce a a 47.5 35 54.8 43.3 20 
































* Refers to Table 7. 


fuel consumption, without materially affecting their 
burner fuel market. It is also reasonable to expect that 
some alteration in the characteristics of many of these 
fuels may take place during the next few years to 
accommodate both Diesel and burner fuel requirements. 
Acceptance of these recommendations by the Diesel 
engine builders and operators would be of material aid 
in stabilizing present conditions. 

On an economic basis, the development of the Diesel 
fuel of the future should be guided by the stocks which 
the refiner is tooled to make without incurring addition- 
al cost. These so-called basic stocks have been divided 
into straight-run and cracked products. These, in the 
majority of cases, are distillate oils, and can be classed 
as clean—which is quite necessary for continuous and 
satisfactory Diesel operation. The burner fuels of today 
are generally derived from these cracked products or 
their blends with straight-run stocks. This would indi- 
cate that the engine manufacturers may anticipate a 
fuel standard not far removed from current burner 
fuels. 

Characteristics and yields of straight-run basic Diesel 
fuels are presented in Table 7. Likewise, data for basic 
cracked fuels are given in Table 8. These data are by 
no means exhaustive; they are, however, considered 
fairly representative. 

The straight-run fuels, with the exception of those 
derived from Gulf Coastal crudes, are shown to have 
cetene ratings of 55 to 65, with pour points ranging 
from —10°F. to 40°F. Generally, increase in cetene 
rating is accompanied by increase in pour point. These 
fuels embrace viscosities from 33 to 39. 

The cracked fuels also, except those from Gulf 
Coastal and some California crudes, have cetene ratings 
ranging from 35 to 55, pour points of O0°F., or less, 
and viscosities from 32 to 34. 

While engine builders, and probably some major con- 
sumers, are familiar with the fact that fuels of high 
cetene rating must command a higher price than fuels 
of low cetene rating, they may not be as well aware 
of the influence of other factors upon fuel cost. Too 
high a cetene requirement will eliminate the greater por- 
tion of cracked Diesel fuels. Virgin oils must supply 
the demand. 

The use of solely virgin oils introduces the pour prob- 
lem for many crudes. Dewaxing operations are ex- 
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pensive. Year-round Diesel fuel specifications which 
demand 0 pour point are fairly common. Since the pour 
point of a fuel is of little importance during the summer 
months, the demand for 0 pour point during warm 
weather results in an economic. waste. A dewaxing 
charge may be avoided by including in the specifications 
separate pour limitations for winter and summer usage, 
preferably influenced by climatic conditions in the zone 
of consumption. 


Virgin oils routed to Diesel consumption must also 
compete with the value of this stock as a source of 
high-anti-knock cracked gasoline. Prices of the respec- 
tive fuels determine the economic balance. 


Material narrowing of the boiling-point specifications 
would, by virtue of decrease in yield and added refinery- 
distillation processing, add to the refinery costs. 


It is estimated that refinery costs alone may be in- 
creased by as much as one cent per gallon by imposing 
Diesel fuel restrictions similar to those noted above. 


The petroleum industry has established substantially 
nationwide distribution for two classes of fuel products, 
viz., motor gasoline and burner fuels. As Diesel fuel is 
not being marketed in any appreciable quantity for pas- 
senger or light truck use, the use of the service station 
outlet is impractical. The present demands as bulk 
sales, in small or large volume, make it necessary for 
the refiner either to market Diesel fuel through its 
present burner oil system or to set up an entirely new 
distribution system. 








TABLE 9 
Estimated Distribution Costs for City of 100,000 
Population* 
Present Burner| Special Diesel 
Fuel (Cents Fuel (Cents 
SYSTEM Per Gallon) Per Gallon) 

Occasional purchase of 50-gal. drums— 

ROMS SONS 6 ook Sas OK EEX ree ss 5.0 
Daily tank truck deliveries from 10,000- 

Git. WOOO, isin Cai ea age ees 0.50 1.75t 
Tank car deliveries to customer’s own 

tanks (exclusive of freight)............ 0.20 1.50T 











* The above estimates have been prepared for purposes of discussion only. 
The figures do not represent actual! costs. 

+ The higher distribution cost incurred by the installation of a distribution 
system for diesel fuels alone, as compared to utilization of the present burner 
fuel system, is due both to additional investment and to lower volume turn-over. 
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Some Characteristics of 


Internal Combustion kngines 


When Operating on Butane-Air Mixtures 





Cc 3. VOGT, 


University of California, Berkeley, California 


ITERATURE presents a wealth of information 
relative to the operating characteristics of inter- 
nal-combustion engines. One can find articles ex- 
plaining the influence of any desired variable, in de- 
sign or operation, on engine economy and output. 
Since these various tests are not performed under 
similar conditions, or on similar equipment, and 
since the conditions of test are not always fully 
stated, it becomes difficult at times to correlate the 
results. Hence, if one is aware of the relation a given 
variable has to another, one is still at a loss in many 
instances as to what the results might have been if a 
third, fourth, or nth variable had been considered. In 
order more definitely to establish the inter-relation of 
the many variables to be given consideration, an en- 
gine-test program was established, in the spring of 
1932, in the Department of Mechanical Engineering 





THOROUGH understanding of the relation of 

the independent variables to the operating 
characteristics of internal-combustion engines is re- 
quired if the most economical utilization of the 
fuel is desired. Most exacting data are essential 
if the variables are to be separated. The Depart- 
ment of Mechanical Engineering at the University 
of California has planned an engine-test program 
which it is hoped will, when complete, answer 
many questions relative to the relation between the 
independent and dependent variables in internal- 
combustion engines. 

The results so far obtained indicate: 1, that the 
friction horsepower increases at a decreasing rate 
as the compression ratio is increased, and that with 
the use of a light crankcase oil partial lubrication 
is evidenced; and, 2, that the volumetric efficiency, 
to which the torque developed is proportional, de- 
creases with increased compression ratio, spark ad- 
vance, fuel-air-mixture ratios approaching those 
for complete combustion, and is a function of valve 
timing. 

Butane as a motor fuel shows many advantages 
over liquid fuels. The homogeneous mixture ob- 
tainable with a gaseous fuel increases the economy 











at the University of California at Berkeley. This pro- in multi-cylinder engines through the more uni- 0.46% 
gram is to cover as completely as possible the many — meee ag mena the individual cylin- of a 
operating characteristics, fundamental design charac- soil’ eaill af uauan copkiadieamte Paes sree end 
teristics, the advantages of various fuels, and par- For most economical utilization of the fuel it is pres 
ticularly the relation of one to the other. In order important to adjust accurately the carburetor and orifi 
satisfactorily to correlate the data obtained from spark settings in order that maximum economy at usin 
engine tests, it is necessary to conduct all experi- na ages settings for average operation may pres 
ments on one piece of equipment, and thus eliminate “sue Gee sis’ ‘nisin in’ ibiaiadai’ titan tem| 
such variables as may enter due to design, e.g., the Meeting, American Petroleum Institute, at Los weit 
induction system. Angeles, November 14, 1935. may 
LABORATORY EQUIPMENT os 

The experimental station (Figure 1) consists “ a grac 
single-cylinder variable-compression engine with a 4. acket through a iinisiianinti Tibcdh enial te carb 
8 1/16-inch bore and 47-inch stroke. The ena une In this wey possible deposits in the wat sum 
7? =o att oo goat ved ssa how jacket are reduced to a minimum. The rate of water nate 
1. xnaust 3 _ se hg A | ralve. ff ase 
the camshaft that it is possible to vary their settings Widar eh as wane Mbeomscesieaine| gi the 
independently. During the present tests the valve intake and discharge sides of the water jacket. Elec- 1%4- 
timing is as follows: tric heating coils for the mixture are mounted on cart 
Intake opens 8 deg. after top dead center. the intake manifold between the carburetor and the of o 
Intake closes 44 deg. after bottom dead center. engine. one 
Exhaust opens 43 deg. before bottom dead The engine is loaded with a five horsepower shunt 1 
center. generator mounted on bearing pedestals. The rota- age 
Exhaust closes 6 deg. before top dead center. tion of the field frame is constrained by an arm con- hea 
The ignition system on the engine is so designed nected toa torsion balance from which the load may .- 
that on the exhaust stroke a spark passes between a be determined to within 0.01 pounds. The load is i a 
pointer and a scale graduated in “degrees before and controlled with heating elements which may be a. 
after top dead center,” from which the spark timing Switched into the armature circuit in combinations e 
on the compression stroke may accurately be ascer- ranging from 1 to 20, while close adjustments of a! 
tained. The cooling system is a self-contained unit Speed are made with a field rheostat. * 
in which distilled water is circulated from the cylin- The air taken into the engine is drawn through a P 
No: 
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FIGURE 1 





A General View of the Variable-Compression Engine Equipped to Operate on Bata, 
Natural Gas, or Gasoline. 


0.462-inch diameter bell-mouthed orifice in one end 
of a 60-gallon drum used as a surge tank, the other 
end of which is covered with an elk skin to reduce 
pressure variations. The drop of pressure across the 
orifice is measured with a slant-tube manometer 
using water as an indicating medium. Knowing the 
pressure drop across the orifice, the atmospheric 
temperature, barometric pressure, and humidity, the 
weight of air admitted to the engine in unit time 
may be determined. 

The gasoline-fuel system consists of two metal 
containers connected by a two-way stop-cock to a 
graduated pipette, so that the rate of fuel flow to the 
carburetor may be timed and the weight of fuel con- 
sumed per unit of time calculated. In order to elimi- 
nate the use of two induction systems when using 
gaseous fuels and liquid fuels, respectively, a line for 
the liquid fuels is led from the needle valve of a 
1%-inch Schebler carburetor to the venturi of the 
carburetor for gaseous fuels—thus permitting the use 
of one induction system for all fuels, and eliminating 
one variable when comparing fuels. 


The liquefied gaseous fuels are led from the stor- 
age tanks through a pressure-reducing valve to a 
heater. The heater is supplied with hot water from 
a water heater, so that better temperature control of 
the fuel is obtained than if the hot water were taken 
from the water jacket of the engine. From the heater 
the fuel passes through a liquid trap, and through 
a pressure regulator. A system of valves permits the 
use of any one of the various pressure regulators 
mounted on the panel. From the pressure regulator 
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the gaseous fuel passes through a five-light gas meter 
calibrated to 0.01 cubic feet, then to a 30-gallon drum 
which serves as a surge chamber for the fuel before 
it enters the carburetor. Pressures in the fuel system 
are measured on the low-pressure side of the fuel 
regulator, in the surge tank, and in the intake mani- 
fold where it attaches to the engine. The later pres- 
sure is measured with a mercury manometer, which 
is connected to the intake manifold with a line con- 
taining two light check valves—thus permitting the 
determination of the maximum manifold depression. 
Temperatures of the water entering and leaving the 
fuel heater, of the fuel at three points between the 
heater and the engine, of the intake and exhaust 
mixtures, the crankcase oil, and the atmosphere are 
measured. 

A sampling tank is connected to the exhaust line 
for obtaining samples of the exhaust gases for anal- 
ysis with an Orsat apparatus. 


TESTING METHODS 


All tests are scheduled in such manner that all but 
one of the independent variables are accurately con- 
trolled. The independent variables are compression 
ratio, throttle position, cooling-water temperature, 
mixture ratio, mixture temperature, spark setting, 
and engine speed. In order to obtain the steady-state 
temperature distribution throughout the engine, it 
has been found necessary to operate the engine for 
at least 1% hours before observations are begun. For 
the period of operation prelimininary to the record- 
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FIGURE 2 


The Variation in Friction Losses as a Function of Com- 
pression Ratio. Engine at Operating Temperatures and 
Running at a Speed of 1,000 R.P.M. 


ing of data, a Midgley indicator is used for the ad- 
justment of the carburetor. No results are recorded 
from the indicator, since it is realized that even with 
the most accurate indicating system it is doubtful 
whether the results are of any practical value when 
accurate data are sought. In order to hold condi- 
tions as closely in a state of equilibrium as possible 
when a test is in progress, the variables most easily 
controlled are maintained constant. For instance, the 
spark adjustment once set will not vary to any ex- 
tent with adjustments in other variables. Therefore, 
for a given speed, spark setting, throttle position, 
and operating temperature, the mixture was varied 
for the range of combustibility. This procedure was 
followed for the various spark settings, compression 
ratios, and speeds at which the engine was operated. 
In order to check the condition of the engine, repeat 
tests were made and compared with results obtained 
shortly after the engine was overhauled and tuned. 
‘These tests included runs of compression pressures 
as a function of speed and compression ratio. With 
this procedure it was found that crossplots of the 
data would permit the separation of the variables and 
yield gratifying results. 

The crankcase oil is changed approximately every 
100 hours of engine operation, and analyzed for char- 
acteristics which might be related to the particular 
fuel which has been in use during that period. 


When operating at part-throttle conditions it has 
been found desirable, in order to obtain accurate ad- 
justment, to refer all throttle positions to the pres- 
sure drop in the air across the intake orifice. The re- 
sults from such tests are then referred to the quan- 
tity of air taken into the engine per hour, rather than 
to throttle position. 


In order to determine the friction horsepower by 
motoring the engine and yet obtain the results at 
conditions simulating as closely as possible the actual 
operating conditions, the following procedure was 
followed: At the end of a day’s run, which had been 
conducted at a given speed and compression ratio, 
the balance on the dynamometer was loaded with 
weights approximating as closely as possible the fric- 
tion load of the engine. The ignition circuit then was 
opened and the generator thrown over to the motor 
circuit. In this manner it was possible to obtain 


the engine-friction load before any appreciable change 
in operating conditions could be effected. 


TEST RESULTS 


Since it is impossible to present in a paper of this 
type all of the data obtained, only such have been 
chosen which will indicate the effect of certain of 
the independent variables and some results obtained 
when operating with butane-air mixtures. 


FRICTION MEANS EFFECTIVE PRESSURE 


The data for the friction mean effective pressure 
(Figure 2) were obtained at various times when the 
engine was shut down, thus insuring operating con- 
ditions at the instant of test. These results are at 
a speed of 1000 r.p.m., cooling-water temperature of 
180°F., and at the compression ratios indicated. A 
definite decrease in the rate of change of friction 
mean effective pressure with increase in compression 
ratio is noted. This fact has also been indicated by 
other experimenters,? and may be explained as a 
phenomenon of lubrication and the reaction between 
the cylinder wall and piston. The reaction of the 
cylinder wall on the piston is expressed by: 


F = (me*n’A, cos ndé+ P) tan ¢ (1) 
where: F =the reaction between the cylinder wall and piston, 
in pounds. 


m = the mass of the reciprocating parts. 
# =the angular velocity of the crank. 


n= the harmonic of the inertia force under considera- 
tion. 


A=a constant, dependent upon the crank length and 
connecting-rod length. 


@ = the angle between the crank and center line of the 
engine at the instant considered. 


P =the total pressure acting downward on the piston. 


¢=angle between the connecting rod and centerline 
of the engine. 


Applying this expression to the case at hand, and 
considering only the average force F over the stroke, all 
values in the above expression are constant except the 
pressure, P, which is a function of the compression 
ratio. However, since P varies as approximately the 1.3 
power of the compression ratio, the rate of change of 
friction mean effective pressure should increase with 
compression ratio rather than decrease. The variation 
of the coefficient of friction # with the criterion ZN is 
well known. Applying this to the case under considera- 
tion where the speed is contsant, the variables, Z, the 
viscosity of the oil at operating temperature and the 
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The Effect of Valve Timing on Volumetric Efficiency. 
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unit load p, the reaction between the cylinder wall and 
the piston, need only be considered. A decrease in the 
Z 


ratio — reduces the coefficient of friction # until solid 


friction obtains. As the compression ratio is increased, 
the pressure, p, likewise increases and decreases the film 
thickness and, thereby, the coefficient of friction.* The 
viscosity is decreased at the higher compression ratios 
due to the increase in the gas-film-transfer factor which 
permits an increase in the rate of heat flow to the oil 
film. The film-transfer factor is given by :* 


£. == 0.0277 VP*T (1+0.0063w) B.T.U./°F/Ft’/hr. (2) 
where: P =the gas pressure in the cylinder, Ib. per sq. in., ab- 
solute. 


T =the absolute temperature. 
w = mean piston speed, ft. per min. 

It is to be noted in this relation that the gas-film- 
transfer factor depends more on the pressure than on 
the temperature, although an increase in either variable 
tends to increase the final result. The piston velocity, 
w, is constant, and does not enter the problem under 
consideration. The heat interchanges are periodic. The 
temperature variations on the water side of the cylinder 
have been found to be negligible’ due to the fact that 
the film resistance on the water side is not appreciably 
reduced with the small increase in the average rate of 
heat flow to the water with increase in compression 
ratio. 

When motoring the engine until steady-state tempera- 
ture distribution was obtained, it was found that the 
friction mean effective pressure was approximately 10 
percent lower than that obtained by the methods de- 
scribed above. This would indicate that for at least 
a part of the stroke, where the pressure between cyl- 
inder wall and piston was relatively high, a region of 
partial lubrication might exist. 


VOLUMETRIC EFFICIENCY 


For the ideal engine, one having a mechanical effi- 
ciency of 100 percent, the torque is a function of the 
charge volume. For enonomical utilization of fuels 
and maximum power, the charge volume, or volu- 
metric efficiency, should be as large as possible. It, 
therefore, becomes important to analyze the variables 
which may have a bearing on this characteristic. The 
volumetric efficiency here considered may be defined 
as the ratio of the quantity of combustible mixture 
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The Effect of Compression Ratio on Volumetric 
Efficiency at Engine Speed of 1,000 R.P.M. 
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Compression Pressures as a Function of Compression Ratio 
and Engine Speed when the Engine is Motored Cold. 


drawn into the cylinder per stroke to the quantity 
which would fill the swept volume, both at the same 
conditions of temperature and pressure. It is impor- 
tant in this connection to give due consideration to 
the volume of fuel added to the air which, if neg- 
lected, may result in errors as high as six percent. 

The relation between volumetric efficiency and 
engine speed (Figure 3) is well known, and may be 
definitely correlated with the valve timing and the 
characteristics of the induction system. The data for 
Figure 3 were obtained with constant compression 
ratio, mixture ratio, spark setting, cooling water, oil, 
and intake temperatures. Hence, the only dependent 
variables are the volumetric efficiency and the torque 
as a function of engine speed. 

The effect of compression ratio on volumetric effi- 
ciency (Figure 4) was obtained by holding all inde- 
pendent variables constant except the compression 
ratio. Another method of obtaining these results is 
by cross-plotting the data obtained in the tests de- 
scribed above. This phenomenon may be explained 
to some extent by the fact that, when the clearance 
volume is large, the heat transferred to the walls of 
the combustion chamber will decrease the volume ap- 
preciably more than when the clearance volume is 
small—partly because the temperature of the residual 
gas is lower in the later case. This explanation, how- 
ever, does not clarify the whole phenomenon, as in- 
dicated by calculation of existing conditions.* Hence, 
to justify the further decrease of volumetric effi- 
ciency with increase in compression ratio, equation 
(2) is applicable— which shows that the gas-film 
transfer factor is increased with the increased ex- 
isting pressures (Figure 5) and temperatures. This 
allows an increase in heat flow to the cylinder wall, 
with a consequent increase in oil and wall tempera- 
tures. The periodic heat interchange between cyl- 
inder wall and cylinder contents heats the fresh 
charge on the intake and compression strokes, and 
thus reduces the volumetric efficiency. 

A similar explanation holds for the effect of spark 
advance before top dead center (Figure 6). These 
data were obtained by cross-plotting the results of 
tests where all dependent variables except spark set- 
ting were held constant. From first considerations it 
might appear that the volumetric efficiency should 
decrease with retarded spark due to the high exhaust 
temperatures. However, the mean temperature 
throughout the stroke is increased with advanced 
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The Effect of Spark Advance on Volumetric Efficiency 
when Operating at Constant Speed, Constant Compression 
Ratio, and Constant Mixture Ratio. 


spark setting; likewise, the mean gas pressure 
throughout the stroke is increased with advance in the 
point of ignition. Referring again to equation (2), it is 
noted that the gas-film transfer factor is increased— 
and, with it, as before, the rate of heat flow to the in- 
coming fresh charge from the cylinder wall, oil and gas 
films. 

With liquid fuels the volumetric efficiency is affected 
by mixture ratio because of evaporation. With gaseous 
fuels (Figure 7) this is hardly the case—and again the 
results obtained may be ascribed to the phenomenon in- 
dicated by equation (2). The decrease in volumetric 
efficiency as the mixture ratio is increased to the point 
of a theoretically-correct ratio for complete combustion 
is most probably due to a rise in the temperature of the 
cylinder walls, head, and piston—with an accompanying 
rise in mean pressure throughout the cycle. An increase 
in mixture ratio beyond the theoretical value for com- 
plete combustion will increase the average volumetric 
heat of the cylinder contents, and so reduce the flame 
temperature and that of the cylinder walls and the pis- 
ton as well as the mean pressures. Hence, in this case 
again the variation in volumetric efficiency may be as- 
cribed to a variation in the gas-film transfer factor. 


ENGINE PERFORMANCE WHEN OPERATING 
WITH BUTANE-AIR MIXTURES 


The use of gaseous fuels for internal-combustion en- 
gines, in stationary and transportation equipment, is be- 
coming more extensive.’ The advantages of such fuels 
over liquid fuels have been demonstrated in many in- 
stances.* One of the more important fuels under con- 
sideration at the present time is butane. With the use 
of butane as a fuel it is possible to increase the com- 
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The Effect of Mixture Ratio on Volumetric Efficiency when 
Operating at Constant Speed, Constant Compression Ratio, 
and Constant Spark Setting. 
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pression ratio of the engine appreciably over that allow- 
able when operating with gasoline.? The results of such 
a change are too well known, and need not be dwelt on 
at any length. When the variable-compression engine 
was converted to the use of butane-air mixtures it was 
found that the economy for gasoline-air mixtures was 
higher at the same compression ratio than when operat- 
ing with butane-air mixtures. These results are not 
found in equipment on the road, where better economy 
is always claimed for butane. This contradiction is evi- 
dent if the difference in homogeneity between a gaseous 
mixture and an air-vapor mixture is considered. The 
more homogeneous mixture which obtains when operat- 
ing with butane permits more uniform distribution of 
mixtures in the different cylinders of multi-cylinder en- 
gines, thus dividing the load developed more equally. It 
is obvious that, with such results, gaseous fuels can 
show an advantage over liquid fuels. 

The output of the engine was found to be higher for 
the same conditions of operation when operating with 
butane-air mixtures than when operating with gasoline- 
air mixtures.? These results were, in general, due to 
the type of carburetors required for the d fferent fuels 
—the venturi required for gasoline being smaller at the 
throat than the venturi required for gaseous fuels. This 
increased restriction resulted in an appreciable decrease 
in brake mean effective pressure (B.M.E.P.). Later 
tests, in which one common induction system was em- 
ployed, did not show an appreciable variation for similar 
conditions of operation. 

The volumetric efficiency is also influenced by speed, 
due to valve timing. The effect of volumetric efficiency 
on B.M.E.P. is evident from a comparison of Figure 8 
with Figure 3. The data for Figure 8 were obtained at 
constant compression ratio, with spark setting and mix- 
ture ratio for maximum B.M.E.P. 


Figure 9 and 10 show the effect of mixture ratio, 
spark setting, and throttle position on the performance 
of the engine with butane-air mixtures. Some of these 
data were taken with various conditions of battery- 
terminal voltage to determine whether the energy in the 
spark would indicate any appreciable change in engine 
performance. It was concluded from these investiga- 
tions that the spark intensity within the test limits im- 
posed did not increase or decrease the power developed 
after the engine was warmed. The dot-and-dash curve 
in Figure 9 indicates the variation of maximum eco- 
nomy with variations in mixture ratio and throttle po- 
sition. The dot-and-dash curve in Figure 10 indicates 
the variation in maximum economy with spark setting 
and throttle position. These curves, which may be called 
curves of specific fuel consumption—above all—indicate 
the necessary variation in carburetor compensation and 
spark adjustment with throttle position if maximum 
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economy is desired over the entire range of operating 
speeds. The critical nature of the economy curve for 
small throttle settings may be noted in Figure 9. At 
butane-air mixtures of 15.0 to 1, by weight, the economy 
was 1.88 pounds fuel per hour per brake horsepower 
(B.H.P.) ; while at a butane-air mixture ratio of 16.5 
to 1, the economy was 6.25 pounds fuel per hour per 
B.H.P. A similar variation will be noted at throttle 
position corresponding to an air intake of 17.5 pounds 
of air per hour. This curve indicates without doubt that 
the leanest mixture possible for good running condi- 
tions will not necessarily yield the highest economy, and 
that carburetors compensated to give constant mixture 
ratios under all conditions of operation do not yield the 
best economy of the engine. A similar relation is indi- 
cated in Figure 10 for the variation in spark setting. 
The dashed curves in Figure 9 and 10 are cross-plots 
for the variation of maximum B.M.E.P. as a function 
of butane-air mixtures and spark settings. These varia- 
tions are similar to those for maximum economy. The 
variations in maximum B.M.E.P. as a function of bu- 
tane-air mixtures are not as great with throttle varia- 
tions as the economy; hence can be more easily com- 
pensated. The variation in spark position for maximum 
B.M.E.P. is over the same range as for maximum econ- 
omy and may, therefore, be easily controlled by mecha- 
nisms energized by the intake manifold depression. 
Sufficient tests have not been made to draw any defi- 
nite conclusions at this time on the effect of the various 
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The Effect of Mixture Ratio and Throttle Position on the 
Economy and Power when Operating with Butane-Air Mix- 
tures at 1,000 R.P.M. and Compression Ratio of 6.08. 
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The Effect of Spark Setting and Throttle Position on 
Economy and Power when Operating with Butane-Air Mix- 
tures at 1,000 R.P.M. and Compression Ratio of 6.08. 


fuels and conditions of operation on the oil in the crank- 
case. Indications are that with gaseous fuels the sludge 
content of the crankcase oil is minimized, and that 
lighter oil may be used due to the lack of dilution. 


SUMMARY 


The results of these investigations have indicated the 
importance of close observations and control of the 
many variables encountered in tests on internal-com- 
bustion engines if these variables are to be separated. 


In comparison with previous data® butane-air mix- 
tures for internal-combustion engines are in most re- 
spects more easily controlled in multi-cylinder engines 
than are gasoline-air mixtures, and under optimum 
operating conditions show better performance. 
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SURVEY made by the Department of Statistics 

of the Institute in 1934 showed that the con- 
sumption of lubricating greases for chassis lubrica- 
tion of automotive equipment was estimated at 1.56 
pounds per 100 gallons of gasoline. On a basis of 
total gasoline consumption, that would mean approx- 
imately 285,000,000 pounds. Since considerable gas- 
oline may have been used for other than automo- 
biles, trucks, and buses, these figures may be a little 
high—but undoubtedly the total amount was well 
over 200,000,000 pounds. 


If one listens to automobiles squeaking along on 
our streets and highways, it is readily apparent that, 
even though the above figures seem very large, there 
is still an enormous potential market if drivers could 
be converted to regular greasing periods. This, of 
course, applies particularly to passenger automobiles, 
as fleets of trucks and buses usually receive better 
attention. 


When the gasoline supply of an automobile is ex- 
hausted, the engine stops and gasoline must be pur- 
chased if further progress is desired. However, that 
same car can squeak, squeak, squeak for mile after 
mile, practically crying for grease—and there is no 
response from the driver. How much pleasanter and 
safer it would be for such people if their automobiles 
could balk and refuse to move until thoroughly 
greased. 

It seems that the gospel of specialized lubrication, 
requiring the application of proper and specific lubri- 
cating greases to the automobile chassis, has been so 
widespread that all greasing is now done that way. 
Actual field contacts, however, are a sad revelation 
that many are still stocking only two or three prod- 
ucts and do not have the proper equipment for first- 
class work. Thus the motorist who wants an effi- 
cient grease job should still first investigate as to 
equipment and lubricating greases available. 


Progress is being made, however, in converting all 
concerned to the correct application of the various 
needed lubricants at the proper time intervals. The 
large and some small oil companies have been ac- 
tive. The manufacturers of lubricating greases have 
passed out a world of information to their trade. 


Churchill’ last year called attention to changes in 
design which would make chassis lubrication easier. 
However, manufacturers evidently feel that style 
must come first; so now we have skirts and changes 
in body design which really make correct greasing 
more difficult. 

Blackwood and Spencer,’ in their excellent paper 
on chassis lubrication problems, clearly show the 
need for standardization of chassis parts requiring 
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VEN though chassis lubricating greases manu- 

factured in 1934 reached a quantity of over 
200,000,000 pounds, it should have been larger if 
all automobiles had been greased at proper inter- 
vals with the correct lubricating greases. Stressing 
the increased factor of safety in driving well-lubri- 
cated cars would be a public service, and would 
also increase consumption of lubricating greases. 


Attention is called to changes of chassis equip- 
ment which have influenced and are influencing 
the type and grade of chassis lubricating greases 
now manufactured. 


A semi-fluid pressure-gun grease suitable for all 
kinds of shackles is now generally manufactured. 
Abbreviated specifications of various types are given. 


The tendency in wheel-bearing grease is toward 
one having non-corrosive extreme-pressure proper- 
ties so that trucks, buses, and passenger automo- 
biles can all be serviced with one lubricating 
grease. 

Safety in driving is aided by careful periodic ap- 
plication of extreme-pressure steering-gear greases, 
such as are discussed. 


A combination universal-joint and wheel-bearing 
grease generally will not provide most efficient lub- 
rication of the joint. 


Approximate composition of a satisfactory water- 
pump grease is shown, and graphite spring greases 
for metal-covered springs are discussed. 

Attention is called to the real progress made in 
manufacturing lubricating greases with respect to 
equipment and technical control. 

Presented at Sixteenth Annual Meeting, Amer- 
ican Petroleum Institute, at Los Angeles, November 


13, 1935. 











lubrication and changes which would mean better 
lubrication. If that could be done by the automobile 
manufacturers, it would surely lend much encour- 
agement to the development of standard specifica- 
tions for chassis lubricating greases, as urged by 
Mougey,? and eventually result in simplification with 
fewer greases necessary. 

It is logical to assume, however, that the, automo- 
bile manufacturers are in the same position as the 
manufacturers of lubricating greases, in that differ- 
ences have sales value of more or less importance. 
With the automobile, however, a careful analysis 
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might show that other features could be stressed 
with as good or better results. 


SAFETY SHOULD BE STRESSED 


A very laudable campaign is now being made to 
reduce automobile accidents. The loss of life and 
those maimed forever are bad enough, but there is 
also a terrific economic loss due to lost time and 
destroyed property. 

While in general it is true the driver is responsible 
for the accident, the condition of the automobile also 
has a bearing. If it has not been greased for months, 
difficult handling or slow response may cause a 
wreck. 

Frequently we read of accidents caused by broken 
steering gears. No doubt wheel bearings, universal- 
joint failures, or gear trouble may sometimes be re- 
sponsible—even though something else is blamed. 

Those charged with lubrication of automobiles 
have a grave responsibility. They should see that 
the correct lubricating greases are properly applied 
at the stated intervals. They should also urge, and 
keep on urging, all automobile drivers to have their 
cars greased regularly. It is an extra insurance 
against accident which has a small annual cost. 


CHASSIS EQUIPMENT 


Before discussing chassis lubricating greases, it 
might be well first to consider briefly the equipment 
on which they are used, as that has influenced the 
type and consistency of the greases. Since the larg- 
est quantity of lubricating grease is consumed on 
shackles and related bearing, shackles and bearings 
are placed first. 


SHACKLES 


The old so-called straight-bolt shackle is slowly 
passing out of the picture due to the development 
of more efficient types. Among the first of these was 
the Tryon shackle, which embodies reservoirs of lub- 
ricant, and was an effort to get away from the 
“freezing” of shackle bolts which had been preva- 
lent—especially where greasing was neglected. There 
is also an excellent arrangement for keeping the 
shackle tight. Unfortunately, the manufacturers of 
that shackle and the automobile manufacturers did 
not specify the best lubricant or give sufficient pub- 
licity to the effect that a special type was necessary. 
First a transmission oil was recommended; and 
when it was found to empty from the grease reser- 
voirs too quickly, felts were placed at the ends of the 
reservoirs—but they were not entirely satisfactory. 
In the meantime lubricating-grease manufacturers 
had found that a semi-fluid pressure-gun grease was 
best, and were calling the attention of their trade to 
the necessity for its use. The application of pressure- 
gun greases not of semi-fluid consistency and trans- 
mission oil caused undue wear which required the 
replacement of thousands of Tryon shackles. 

About the same time the roller-bearing type of 
Shackle, requiring lubrication only at long intervals, 
was brought out. It seemed to be satisfactory; but 
apparently was found too expensive, as it was dis- 
continued except on higher-priced models. 

_ The threaded shackles next appeared, the first be- 
ing a threaded bolt with the conventional hole for 
the grease going to the center so it could spread 
each way on the threads. Later came the so-called 
‘U” type, with threads on both arms of the “U,” 
and the grease applied at the ends of the sleeves. 
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Threaded shackles of some sort are decidedly in 
favor at present. 

It will also be recalled that rubber shackles were 
earlier used all around on some cars; but evidently 
did not give best results, as most recent models have 
a rubber shackle at one end of the spring and a 
threaded shackle at the other. Rubber or rubber- 
ized shackles are apt to develop squeaks which are 
hard to eliminate, because oil or grease causes de- 
terioration of rubber. Glycerin mixtures have been 
used, but do not last long. 

There have not been any particular changes in tie 
rods, king pins, or drag links. Probably the bearings 
are somewhat more serviceable than formerly. Since 
these parts have an intimate connection with poper 
and safe steering, it is most important that they be 
efficienly lubricated at all times. 

Individual front springing has introduced bearings 
which add a little to the quantity of pressure-gun 
grease needed for chassis lubrication of such cars. 
Those servicing such equipment have found that 
greasing more frequently is necessary if wear is to 
be prevented. Even where the most durable type of 
grease is used, such has proved to be the case. 


WHEEL BEARINGS 

The increased use of roller bearings in recent 
years has made better wheel-bearing greases neces- 
sary, as it was found that roller bearings were some- 
what harder to lubricate than ball bearings. Four- 
wheel brakes made it obligatory to use a lubricating 
grease which had good resistance to the softening 
effect of heat, so the grease would not leak or flow 
onto the brake bands. The bearing manufacturers 
are giving much attention to lubrication and, acting 
in unison, are doing work on a machine which will 
provide accelerated tests of wheel-bearing greases. 
If practical, such apparatus should be helpful in as- 
suring better wheel-bearing lubrication. 


STEERING GEARS 

Improvements have been made in both cam-and- 
lever and worm types of steering gears. Particular 
attention has been given to ease of operation, rugged 
construction, and safety. One manufacturer of the 
former type has developed a rotating cam which 
has proved to be a signal improvement. At times 
high pressures are produced on bearing surfaces of 
steering gears and, consequently, extreme-pressure 
greases are finding favor for most efficient lubri- 
cation. 

UNIVERSAL JOINTS 

The introduction and present use of roller or so- 
called needle-type universal joints means a decided 
change in lubrication requirements. The old-style 
grease-lubricated joint and that serviced with oil 
will slowly pass out of the picture, and the demand 
for such grease will eventually be relatively small. 
Mileage intervals recommended for lubrication of 
the needle-bearing universal joints are long, and in 
some cases for life of the car. The latter, however, 
will not generally be endorsed by those wishing best 
lubrication. Splines must be greased reguiarly, but 
the right type of pressure-gun grease is satisfactory. 
As all power from the engine must pass through the 
universal joint or joints, it is highly important that 
they be effectively lubricated. 


WATER PUMPS 


Some grease-lubricated water pumps are now be- 
ing made so the bearings are not in contact with the 
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circulating liquid. That is a good improvement, be- 
cause it minimizes the danger of grease being car- 
ried to and deposited onto cooling surfaces with 
resulting loss of cooling efficiency. Even for such 


pumps, the water-pump grease should be high 
enough in dropping or melting point to resist the 
softening effect of the hot circulating liquid. Some 
are using an oil-lubricated water pump; but if the 
owner is neglectful, wear may result sooner than 
with grease-lubricated water pumps. 


THE LUBRICATING GREASES FOR THE CHASSIS 
PRESSURE-GUN GREASE 


Even though the cars equipped with straight-bolt 
shackles and also Tryon shackles will eventually no 
longer be in service, there are now many being 
driven every day. Consequently, those offering effi- 
cient lubrication service must have pressure-gun 
greases particularly suitable to individual types of 
shackles or, obviously better, one which will effec- 
tively care for all kinds, as stocks are thereby re- 
duced and less greasing equipment required. 

As previously mentioned, the use of the Tryon 
shackle led to the manufacture of semi-fluid pres- 
sure-gun greases which, as the name indicates, have 
more fluidity than those previously in use. It was 
also found that, if a lubricating oil of higher viscos- 
ity was used, the durability of the grease was in- 
creased. Further, such a product proved very satis- 
factory for straight-bolt shackles and all types of 
threaded-bolt shackles. Thus it answered the need 
for a product suitable for all shackles. 

One of the desirable attributes of a lubricating 
grease for Tryon and also threaded shackles is the 
property of feeding slowly and steadily from the 
grease reservoirs to. the bearing surfaces. It has 
seemed that a little tackiness is helpful in that direc- 
tion, and also assists the grease in clinging to the 
bearing surface. There should not be so much, how- 
ever, as to cause the grease to string away at length 
from the fitting after the gun has been disconnected. 
Reference to grease reservoirs of the threaded 
shackles is made because the ends of the sleeves of 
“U” shackles hold some grease which can feed to the 
threads, and the same action occurs to a limited de- 
gree from the grease passages of other threaded 
shackles. 

In view of their utility, semi-fluid pressure-gun 
greases or chassis lubricants, as some prefer to call 
them, have naturally grown in favor. Calcium, so- 
dium, and aluminum bases are all being used in their 
manufacture. Probably some of mixed base are also 
offered to the trade. 

Since A. J. Stevens, in about 1925, perfected a 
method for the manufacture of aluminum-base lubri- 
cating greases of uniformity and good keeping qual- 
ity, they have gained in popularity. The solubility 
of the base in oil eliminates the necessity of any 
“tie water,” and with the proper oil gives a lubricat- 


ing grease of such clarity and attractive appearance 
that its purity cannot be questioned. That has 
proved a decided sales asset. 

The presence of only a trace of moisture allows 
this product, as a whole, to serve as a lubricant, and 
thus increases its effectiveness. No deterioration and 
no hardening with age are valuable properties from 
the standpoint of storage and elimination of clogged 
fittings which are possible with other types of lub- 
ricating greases, particularly if regular greasing is 
neglected. 

Because of the above, and because of excellent 
service results, the volume of aluminum-base semi- 
fluid pressure-gun greases manufactured has _in- 
creased each year. In addition to use as a chassis 
lubricant, they give fine results in lubricating speed- 
ometer and cables, oil-type universal joints, oscillat- 
ing mechanism of windshield wipers, the springs, 
and other points where squeaks develop. 

Klemgard,* with his special laboratory service- 
testing apparatus, using straight-bolt and threaded 
shackles, has shown that aluminum-base pressure- 
gun greases have as good resistance to emulsion 
with water as calcium-base greases. That conclusion 
is amply supported by road service. Grease-retention 
tests showed a comparatively high loss at first, after 
which the curve flattened—with plenty of grease re- 
maining for satisfactory lubrication. The approxi- 
mate composition of semi-fluid pressure-gun greases 
is shown in Table 1. 

In view of the federal excise tax on lubricating 
greases with a worked penetration of over 390, the 
summer grades of most semi-fluid pressure-gun 
greases are kept below that figure. 

Most consumers have found a winter grade nec- 
essary in sections experiencing cold winter weather. 
It is manufactured in a lighter consistency, and gen- 
erally contains an oil somewhat lower in viscosity. 
That grade is necessary not only from the stand- 
point of application—especially where closed greas- 
ing facilities are not available—but also so that the 
lubricating grease will not be too stiff to function 
properly at low temperatures. 

Extreme-pressure lubricating greases for this pur- 
pose have been advocated by some; but it has been 
largely for sales reasons, as only heavily-loaded 
trucks might possibly profit by their use. 

Of course, large quantities of soft cup greases and 
gun greases containing low-viscosity oils—also prob- 
ably transmission oil—are still used for chassis lub- 
rication. Those applying such products purchase on 
price only, and overlook the fact—or do not care— 
that their unsuitability and lack of durability cause 
excessive wear. 





WHEEL-BEARING GREASE 


In general, automobile manufacturers, with the 
support of the companies making bearings, are rec- 
ommending a short-fiber soda-base grease containing 





























TABLE 1 
Approximate Composition of Semi-Fluid Pressure-Gun Greases 
Water ASTM Saybolt Viscosity of 
Soap Content (Maximum) Worked Oil Content 
(Maximum) (Percent) Penetration Texture (Minimum) Color of Oil 
Ss cas beck e6e 6 eee’ 11 percent aluminum Trace 340-380 Tacky 150 at 210° F. Black 
PIES WIR 3 ov Bees cccccsces 9 percent aluminum Trace 340-370 Tacky 110 at 210° F. 5-6 ASTM 
NINO, ova bec vccece see dale 8 percent calcium 340-380 Smooth 95 at 210° F. Black : 
NC A bigs ncens oot y nese 6 percent calcium 1 350-400 Smooth 140 at 210° F. 8 ASTM (maximum) 
he ee ag ala 5 percent sodium 0.25 360-390 Tacky 175 at 210° F. Green 
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TABLE 2 
Specifications of Typical Wheel-Bearing Greases 
Soap Content Water ASTM Worked Dropping Point Saybolt Viscosity of 
(Maximum—Percent) (Maximum—Percent) Penetration (Minimum ° F.) Texture Oil Content (Minimum) 
Calcium base....... shad 1 185-215 200 Smooth 480 at 100° F. 
Sodium base....... 13 0.5 280-310 325 Fibrous 130 at 210° F. 
Mixed base*....... 18 0.5 250-390 290 Fibrous 120 at 210° F. 


























* Not more than 3 percent of calcium base; balance sodium base. 


Non-corrosive EP base can be added in proper proportion to any of the above greases if an EP wheel-bearing grease is desired. 


an oil of not less than 300 Saybolt viscosity at 100° 
F. for lubrication of wheel bearings. 

The relatively high softening point of such a prod- 
uct no doubt is the primary reason for its choice— 
this to minimize the tendency of the grease to get 
over onto the brake bands. 


Klemgard* found in his laboratory service tests 
that calcium-base wheel-bearing greases leaked badly 
in comparison with sodium-base products, with con- 
sequent development of higher temperatures. The 
fact remains, however, that thousands of pounds of 
the former have been used with satisfactory results 
on passenger automobiles. The instruction book of 
one automobile company still recommends a No. 2% 
cup grease. No doubt correct application of limited 
quantities of a calcium-base wheel-bearing grease 
has a distinct bearing on the service obtained. 


From the standpoint of safety, and also lubrica- 
tion, the ideal combination for a wheel-bearing 
grease would embody good resistance to softening 
by heat, also a smooth texture and consistency— 
causing it to follow closely the bearings with a com- 
plete cushioning effect. Greatest durability would 
probably be obtained where the worked and un- 
worked penetrations are fairly close together. The 
lubricating oil in the grease should not be below the 
minimum viscosity noted above, and not so high as 
to interfere with the grease functioning as sug- 
gested. In order to approach these desired charac- 
teristics, some manufacturers are marketing a mixed- 
base wheel-bearing grease containing both calcium- 
and sodium-base greases. 

Typical wheel-bearing greases on the market are 
covered by the abbreviated specifications in Table 2. 

While pressures developed on wheel bearings of 
passenger automobiles are ordinarily not high, there 
is a growing sentiment for the use of EP wheel- 
bearing grease. Maag® has pointed out the advan- 
tages of that type for lubrication of bearings in in- 
dustrial use and predicts: “Most greases of tomor- 
tow will undoubtedly be of the extreme-pressure 
type.” 

At least one automobile company is experimenting 
with EP wheel-bearing grease, and has found it help- 
ful in protecting the bearings during the break-in 
period. No doubt for trucks in heavy-duty service 
such a wheel-bearing grease would be more effec- 


tive; so it might be best to give extreme-pressure 
properties to all wheel-bearing greases, and thus 
avcid the necessity of stocking another grade. “Mild” 
EP properties should be satisfactory, and thus the 
lubricants would only need to pass 24-26 pounds 
when tested on the Almen machine. 

The work of Farrington and Davis in studying 
microscopically the length of fiber® will be helpful 
in classification of this type of lubricating grease, 
since heretofore it has not been possible to answer 
the question: “What is a short-fiber grease?’ Most 
manufacturers have had to depend on the finger test 
of skilled grease makers. 


STEERING-GEAR GREASE 


Many rendering lubrication service do not carry a 
special steering-gear grease. They apply gear lubri- 
cant of either the fluid or fibroys type. While a lub- 
ricating grease manufactured specifically for that 
purpose gives best service, gear lubricant is fairly 
satisfactory—provided the housings are tight enough 
to hold the fluid type, and if it has extreme-pressure 
properties. 

Resistance to channeling at low temperatures must 
necessarily be taken into consideration in sections 
having cold winters. This is very important either 
when a gear lubricant is used or a steering-gear 
grease, since it has a direct bearing on the ease of 
operation and response in driving. 

As previously pointed out, the steering gear and 
connections should have careful and regular lubrica- 
tion. Failure in any way at a critical time may easily 
result in a dangerous accident. 

Since the demand for steering-gear grease is lim- 
ited, the quantity manufactured is relatively small. 
General Motors Specifications 4567-M, covering an 
EP steering-gear grease containing 5 to 6 percent of 
calcium soap, is representative of that type; 4641-M 
is also a special steering-gear grease, but contains 
no grease base. It is required to stand a load of 24 
pounds, minimum, on the Almen machine. As an 
aid to all-year use, the Saybolt viscosities of oils 
used in both products is specified at 0 as well as at 
other temperatures. A mixed-base EP steering-gear 
grease suitable for all seasons except winter will 
need 6 percent of calcium base and 2 percent of 
sodium base with an oil of Saybolt viscosity of 190- 


TABLE 3 
Specifications of Special Type Sodium-Base Grease 











Soap Content Water ASTM Dropping Point Saybolt Viscosity of 
(Maximum—Percent) (Maximum—Percent) Worked Penetration (Minimum—’ F.) Texture Oil mtent (Minimum) 
16 0.5 315-345 320 Extremely tacky 85 at 210° F. 





The following covers a combination product referred to above: 





18* 





1 





235-265 











125 at 210° F. 

















* 12 percent calcium soap, and balance sodium. 
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TABLE 4 
Characteristics of a Serviceable Water-Pump Grease 








Calcium Soap Base Water ASTM Dropping Point Saybolt Viscosity of 
(Maximum— t) (Maximum—Percent) Worked Penetration (Minimum ° F.) Oil Content (Min.) Color of Oil 
24 1 160-190 210 100 at 100° F. 3 ASTM 




















200 at 210° F., and a worked ASTM penetration of 
300-330—-EP compound to be added to give the 
above load-carrying capacity on the Almen machine. 

Of course, many still give the steering gear a 
“shot” of pressure-gun grease; but even if a semi- 
fluid type is used, best lubrication will not be ob- 
tained. This will be especially true because of the 
average long interval before the car is again greased. 


UNIVERSAL-JOINT GREASE 


It can hardly be said that grease-lubricated univer- 
sal joints have been, as a whole, efficiently lubri- 
cated. That is true; because some guns used do not 
develop enough pressure to handle a universal-joint 
grease of the proper consistency, or the individual 
applying it is so lazy that a product is wanted which 
will allow easy operation of the gun. 

At the average road speed of today, a tremendous 
centrifugal force is developed at the universal joint 
or joints. This means that the lubricating grease 
must be very high both in cohesion and adhesion. In 
other words, it must cling closely to the bearing sur- 
faces and at the same time resist being torn apart. 

Softer universal-joint. grease, which has-been de- 
manded by some for reasons stated above; is apt to 
be thrown—or rather pulled—from. the joint by that 
centrifugal force, with resulting wear. Of course, 
neglect can also. be a contributing factor. 

In order to keep. down. stocks,. some companies 
have used a combination universal-joint and wheel- 
bearing grease with reasonable success. However, 
such a product necessarily does not have the ex- 
treme stringiness or tackiness needed for the best 
universal-joint grease. 

A special type of sodium-base grease, having a 
very long fiber, is manufactured for universal-joint 
grease, and approximate specifications of the finished 
grease are given in Table 3. 

Road-service tests are the best criterion by which 
to judge serviceability of universal-joint greases. 


WATER-PUMP GREASE 


Since resistance to emulsion with water is one of 
the main requisites of this lubricating grease, it is 
customary to use a calcium base in manufacturing it. 

A hard consistency is advisable, as that is an aid 
in resisting softening by the hot circulating liquid 
which passes through the pump. However, the 
grease should not be too hard, since in the case of 
cup feed it may not pass to the bearings as rapidly 
as it should. 

The characteristics of a serviceable water-pump 
grease are given in Table 4. 


MISCELLANEOUS LUBRICATING GREASES 


Several automobile manufacturers are still recom- 
mending a cup grease for use on the distributor. 
Until all go to the use of a short-fiber grease, such 
as wheel-bearing grease, it is thus necessary for 
those greasing all makes of cars to carry a No. 3 cup 
grease. It should be the regular calcium-base prod- 
uct, and particularly for this purpose it is not neces- 
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sary in manufacturing the grease to use an oil higher 
in Saybolt viscosity than 75-100 at 100° F. 


The growing use of metal-covered springs is mak- 
ing necessary the stocking of a graphite spring 
grease when complete lubrication service is offered. 
It should have a worked penetration of 270 to 290 
ASTM. The graphite spring grease that is apparently 
most efficient should contain 40 to 45 percent of 
graphite, but others are being made which contain 
a much smaller quantity. Some specifications call 
for amorphous, and others for flake graphite—which 
must all pass through a 200-mesh sieve. 


PROGRESS HAS BEEN MADE, AND WILL 
CONTINUE 

Lubricating-grease manufacturing is far different 
now from what it was in the early days, when the 
grease was made in a direct-fired kettle and stirred 
by hand with a paddle. Now modern kettles, of open 
and pressure types—with efficient mechanical mixers 
and temperature control—are in use. 

The grease maker no longer uses the finger test to 
determine the consistency, but depends on the chem- 
ist, who: checks it by a standard method on an ap- 
proved apparatus. The latter has previously analyzed 
the various materials as insurance of uniformity. 

Grease filters are necessary equipment to be sure 
that only absolutely clean grease is shipped to cus- 
tomers, Can-filling machines not only speed up that 
operation, but each can is cleanly filled with the ex- 
act amount of lubricating grease. Steel drums of 
various sizes, lithographed if desired, have practi- 
cally replaced wooden barrels and kegs. 

Grease chemists have already done excellent re- 
search, which has resulted in the production of bet- 
ter lubricating greases than have ever been available 
before. That work will be continued, so that even- 
tually we shall have the needed fundamental knowl- 
edge to come closer to answering the question: 
“What is lubricating grease?” 

More standard methods are needed for laboratory 
control of lubricating greases, both by manufacturers 
and consumers. Sub-committee IV of ASTM Com- 
mittee D-2 is actively engaged in that work. Present 
cooperative study and experiment are largely on 
methods for softening points of lubricating greases 
under heat and consistency of very soft products. 

The National Association of Lubricating Grease 
Manufacturers is already functioning in a way that 
will be an immeasurable help in future progress. 
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a All-Weld Metal 31 21 fT] i? bs 183 + : W ihe "ake ? 166 
ent ss 
—— Ig Bing 
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ses ® Below—Pressure vessel of 214% Nickel steel, enroute hs f 
to Union Oil Co. from A. O. Smith Corp., Milwaukee, Hrs 175 198 gh a aye 
ase Wisconsin. na 176 187 175 «171 170 
s. -« ® ee 
178 183 «4181 = 192 195 
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Lo » FF: PS 
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yo @ Vickers Hardness Survey on weld in 1” Nickel steel plate. Note the 
q uniformity in hardness throughout, and absence of excessive harden- 
10-3 ing at the “heat-affected zones” near the junction of the plate and the 
nae weld. Both plate and deposit contain 2 to 24% Nickel. 
ibri- ; 
7 ® Consultation on the use of Nickel Alloy Steels 
i in the petroleum refining industry is invited. 
ting 
“¢ | THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALLSTREET, NEW YORK, N. Y. 
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é DRILLING =< Several 8,000 ft. Cali- 


fornia wells have been drilled with this 
125/250 hp. Westinghouse drilling motor 
and control and OP 1250 reduction gear. 





PUMPING» 


At Huntington Beach, California. Westinghouse-Nuttall 
gear unit, totally enclosed fan cooled motor with 
Thermoguard protection and combination Linestarter 
with water-tight cabinet. 


... A well of one of the major oil companies on Hunt- 
ington Beach, California. Westinghouse-Nuttall OP 
foundation-type double reduction pumping gear, with 
double extended slow speed shaft and holding brake 

- «+ OCS counter-balance . . . Westinghouse totally 
enclosed 25 hp., 1450 rpm., motor with Thermoguard 
protection . ; . Westinghouse combination Linestarter, i 
extreme left, is in cast iron, water-tight cabinet. 





B PIPE LINE... recaea cxvct doors, ti 


Pacific Pump Co. pump and Westinghouse Motor 
have given highly successful service under extreme 
conditions of heat, wind, dust and rain. The motor, 
rated 200 hp., is totally enclosed, fan cooled, dual- 
ventilated. The control (located in station) is ex- 
plosion tested. 
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Drilling ... pumping ... transporting ... refining 

. marketing. In every phase of the Petroleum In- 
dustry you will find Westinghouse products perform- 
ing dependably and economically. Whatever your re- 
quirements, whether motors, control, gearing, lighting, 
heat exchangers, turbines . . . there is a Westinghouse 
product built with exacting regard for its specific task. 


Through close contact with the field and through re- 
search, Westinghouse is constantly improving and ex- 
tending the applications of electricity to the industry. 
| Trained representatives of Westinghouse and its asso- 
ciated companies are always ready to place this accu- 


mulated fund of practical experience at your disposal. 
R 89053 


— i 4 
: —— | 
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cts 
WEST mene” cvs INCLUDE Le R E F N | N G -»» Two 1600-sq.-ft, 


Westinghouse Heat Exchangers used for cool- 


FOR T HE PET RO LEU M IN | ing coke oven distillate in a California Refinery. 


Arc Welding Equi dens 
Capacitors | ae Mica Pro Control 


Bre ers 
pg fo Switches Circuit 


otors 
Float Exchange 


im 
Instrna E Equipment 








1 November, 1935—A Gulf Publishing Company Publication 43a 





7 Dul 

CES | Up! 

( 

Dubt 

celeb 

oly = ROT % T Univ 


£ i ] O 
sumac DIAPHRAGM PACKLESS “3 
spected under full 2000 pounds cylinder it! 


pressure without interrupting the welder. Mew Disshicgm Sei 


First, he turns the valve stem left to the Valve with spring safety case 
full open position. VA LVE and FITTI NG device fee propane gas the a 
EVERY PROPANE GAS “a 

a Ur 

1 Circt 

INSTALLATION : Cire 


SG 


Second—The forged brass valve bonnet aoa 8) | a cour 


. : ; . . the 
cap is then tapped lightly to loosen the : Diesiecom Pesbiaus ae fring 
threads. is j without safety device for 
Propane cylinders 


. : i Sectional view of the new Kerotest Type 456 Diaphragm - inva 
Third—Open end wrench is applied to the Packless Globe Valve with 4 bolt hole square type flanges. K unit 
‘ ¢ erotest quality 
two flat sides of the bonnet cap and T 


unscrewed by turning to the left.  PRESSURE-SAFE CONVENIENT ECONOMICAL » cient, cae £36 


able in all stand- ~« 
ard sizes. tobe 


Kerotests are the ideal valves for modern a ae ; 
propane gas service—the only valves that _— 25, | 
can be repaired while under full pressure aya own 


and without interrupting service from the sy | a 
line. They are now available in the larger —_/ >. | ery 


: 4" ; ; / Diaphragm Packless , forn 
sizes up to II”. Also available is _ 7 tyres va» Aer Pro 


. 4 
a complete line of flare crosses, _/ ovegues ne Saws, = ; crac 


tees, elbows, unions, nuts and e : » I Se 

Fourth—KEROTEST Diaphragm Discs are manifolds, built to the same if * stall 
lifted out of valve for inspection or re- high standard of ‘he we - crac 
placement while the welder continues his : ine ~ 2 ay e- ‘ cou 
work without the slightest interruption— Kerotest quality. ai er ae. Pa frin 
an exclusive KEROTEST feature. ae. H 





Kerotest Cadmium Plated that 
Forged Steel Manifold : tion 


for the largest installations. D 

of 1 

- dely 
thre 


Fifth—After discs are replaced, the bon- aoe we Oo ft & §: FT MANUFACTURING CO. a 


net cap is set back on the valve and PITTSBURGH. PA. ¥ 
screwed tight. : 








44a Refiner & Natural Gasoline Manufacturer—Vol. 14, No. 1 No 





1 


Dubbs Process Patents 
Upheld by Supreme Court 


he og adhe victory for Universal 
Oil Products Company and the 
Dubbs proces marks the end of the 
celebrated patent infringement suit, 
Universal Oil Products Company vs. 
Root Refining Company. 

On October 21, the Supreme Court 
of the United States, by denying the 
petition of defendant for writs of cer- 
tiorari, wrote the last chapter in the 
case and closed the. book except for 
the accounting to determine the amount 
due the plaintiff. 

By that action, the court of last re- 
sort refused to disturb the findings of 
a United States district court, upheld 
unanimously by the three judges of the 
Circuit Court of Appeals of the Third 
Circuit, that the two patents (Dubbs 
and Egloff) involved in the suit, are 
yalid patents and that Root Refining 
Company infringed them by operation 
of a so-called Winkler-Koch cracking 
unit. 

A decree will be entered in accord- 
ance with the opinion of the lower 
courts, an injunction will issue against 
the defendant restraining further in- 
fringement, and the case will be refer- 
red to a master for an accounting of 
profits and for the assessment of dam- 
ages. 

The final decision is held to be one 
of the most important ever handed 
down in oil-industry litigation, because 
a clean-cut issue was drawn between 
the owner of the Dubbs cracking pro- 
cess, invented, developed and improved 
under patent protection and operated 
under license agreement, and the oper- 
ator of an unpatented and unlicensed 
cracking unit, who claimed, first, that 
the Dubbs and Egloff patents were 
invalid, and, second, that his cracking 
unit did not infringe them. 

The two patents involved are No. 
1,392,629, issued to C. P. Dubbs, Oc- 
tober 4, 1921, generally referred to as 
the clean circulation patent, and No. 
1,537,593, issued to Gustav Egloff, May 
25, 1925, known as the multiple coil or 
selective cracking patent. Both are 
owned by Universal Oil Products Com- 
pany. 

Root Refining Company, whose refin- 
ery is at El Dorado, Arkansas, was 
formerly a licensee of Universal Oil 
Products Company, having two Dubbs 
cracking units, which were installed in 
1925 and 1926 respectively. Winkler- 
Koch Engineering Company later in- 
stalled in the Root plant a 3000-barrel 
cracking unit operation of which the 
courts in this case have found to in- 
fringe the Dubbs and Egloft patents. 

Hearing of the suit was begun June 
21, 1932, before Judge John P. Nields 
in the United States District Court of 
Wilmington, Delaware. Judge Nields 
handed down his decision in the case 
April 27, 1934. He held that the two 
Universal patents in suit are valid and 
that they were infringed by the opera- 
tion of the so-called Winkler-Koch 
cracking unit by the Root company. 
_Defendant appealed the case to the 
United States Circuit Court of Appeals 
ot the Third District, sitting in Phila- 
deiphia, and on June 26, 1935, this 
three-judge court handed down a unani- 
mous opinion in favor of Universal Oil 
Products Company. : 

A petition for rehearing, filed by the 
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defendant, was denied by the Circuit 
Court of Appeals, August 5, 1935, and 
the appeal to the United States Su- 
preme Court for writs of certiorari fol- 
lowed. It is this petition that has 
just been denied. 

It is understood that Universal Oil 
Products Company is diligently prose- 
cuting legal action against other in- 
fringing refiners in various parts of 
the country. 


Bureau of Mines Analyzes 
Rodessa, Louisiana Crude 


RUDE oil produced from the dis- 

covery well in the new oil field at 
Rodessa,. Caddo. Parish, Louisiana, is 
paraffiin base, according to the method 
of classifying crude petroleum with re- 
spect to base, devised by the United 
States Bureau of Mines. The bureau’s 
laboratory analysis of a sample of oil 
from I. L. Young 1 indicates that the 
crude contains approximately 32 per- 
cent of gasoline and naphtha, 20 per- 
cent of kerosene distillate and 25 per- 
cent of gas oil and heavier distillates 
suitable for use as fuel oil or for 
cracking. 

Natural gas has been produced in 
the Rodessa field for a number of 
years. The oil-producing formation in 
the field is found approximately 6000 
feet below the surface in what is re- 
ported by geologists to be the Upper 
Trinity (Glen Rose lime). The Rodes- 
so gas field is at the junction of the 
boundaries of Louisiana, Arkansas, and 
Texas. Present belief regarding struc- 
tural conditions has resulted in pros- 
pecting into Texas and Arkansas. 

If the oil-producing portion of the 
field should be found to extend into 
these adjoining states, a major prob- 
lem of cooperative regulation pertain- 
ing to development, including well 
spacing, and proration of production 
may be presented, for this would be 
the first instance of a single producing 
reservoir in which three states are in- 
volved. 


Bureau of Mines Analyzes 
Oxford, Kansas, Crude Oil 


"Ts oil produced from the newly- 
discovered lower horizon in the 
Oxford field, Sumner County, Kansas, 
is a high grade wax-bearing interme- 
diate base oil, according to the method 
of classifying crude petroleum with re- 
spect to base, formulated by the United 
States Bureau of Mines. The bureau 
recently has made a laboratory analysis 
of a sample from Gassoway 1A well, 
completed by Amerada Petroleum Cor- 
poration and Sunray Oil Company on 
September 12, 1935. The analysis in- 
dicates that the oil contains approxi- 
mately 32 percent of gasoline and 
naphtha, 12 percent of kerosene dis- 
tillate, and 12 percent of light gas oil 
suitable for use as fuel or for cracking. 
Heavier distillates may be suitable for 
manufacture of lubricants, or they may 
be better adapted for cracking or for 
use as fuel. The sulphur content of 
the crude oil is low. 
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Annual Meeting of 
C.N.G.A Held Nov. 11 


HE California Natural Gasoline As~ 

sociation held its fall annual meet- 
ing November 11,'the first day of the 
American Petroleum Institute conven- 
tion at the Biltmore Hotel, Los An- 
geles. Morning and afternoon business 
sessions were held to which A.P.I. 
visitors were invited. A feature of the 
association meeting was an address by 
Dr. Gustav Egloff, Universal Oil Prod- 
ucts Company, dealing with the subject 
of polymerization. The following pro- 
gram was presented: 

Address of welcome by President T. 
L. Taggart, “Making high octane gas- 
olines out of propanes and butanes” by 
Dr. Gustav Egloff. 

“Rectifying Straight-Run Gasoline to 
Improve Its Qualities by Removing 
Isobutane and Lighter Fractions and 
Using More Natural Gasoline,” by Dr. 
G. G. Brown, University of Michigan. 

“Standards for Application of Super- 
Compressibility Factors in High Pres- 
sure Natural Gas Measurement,” was 
the subject discussed by W. E. Hel- 
mick. 

R. R. Crippen, The Texas Company, 
discussed “ C.N.G.A. Reid Vapor Pres- 
sure Testing Procedure.” 

C. D. Gard and H. J. Multer in their 
discussion of ‘charcoal gasoline content 
procedures, discussed “General Prob- 
lems, Including Sampling Procedure,” 
and “Distillation Procedure.” 


Grease Makers 


Hold Third Meeting 


HE third annual convention of the 

National Association of Lubricating 
Grease Manufacturers was held in Chi- 
cago, October 14 and 15 at the Stevens 
Hotel. Among the speakers on the in- 
teresting and timely program were: H. 
A. MacConville, General Electric Com- 
pany, who discussed “Practical Tests. 
for Industrial Greases”; C. R. Ahlberg, 
Standard Steel Bearing Company, 
whose subject was “Anti-Friction Bear- 
ing Lubricants”; F. E. Huggins, Jr., 
Sowers Manufacturing Company, spoke 
on “Modern Methods of Grease Manu- 
facture”; A. R. Lange, Swann-Finch 
Company, discussed “Grease — Past, 
Present and Future”; and J. Howard 
Pyle, Chek-Chart, Inc., discussed “Safe- 
guarding the Investment.” 


New Members 


A.P.I Board 


ESIGNATION from the board of 

directors of the American Petro- 
leum Institute of Ralph T. Zook was 
accepted, and the board elected the 
following new members: 

W. H. Berg, vice president of Stand- 
ard Oil Company of California, San 
Francisco, in the production group— 
term expiring in 1936—to succeed Oscar 
Sutro, deceased. 

Torkild Rieber, vice president of The 
Texas Company, in the at-large group 
—term expiring in 1936—to succeed C.. 
B. Ames, deceased. 

T. P. Thompson, Jr., president, Penn- 
sylvania Grade Crude Oil Association, 
Bradford, in the at-large group—term 
expiring in 1935—to succeed Ralph T. 
Zook, resigned. 
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Reserve Analysis and State 
Compacts Dominate A.P.I. 


2 mecvon the program of the Six- 
teenth Annual Meeting of the Ameri- 
can Petroleum Institute, November 11, 
12, 13 and 14, the petroleum industry 
put itself on record as capable of pro- 
viding the people of the United States 
with sufficient petroleum products as 
a private industry. Federal control was 
frowned upon. State regulation of pro- 
duction with the assistance of the inter- 
state oil compact was approved. Re- 
serves were estimated as sufficient. 

These were a few of the impressions 
from the subjects discussed by leaders 
of both the industry and officials of 
two of the oil producing states. 

The position of the industry on the 
question of federal control was out- 
lined by Axtell J. Byles, president, who 
stated the case of private endeavor as 
an incentive for finding and developing 
oil reserves. 

The board of directors considered 
the report of a special committee on 
reserves and recommended it for print- 
ing and study. 

President Byles dealt with this report 
in his address. The substance of this 
was that from oil, coal and shale there 
are ample reserves for the nation and 
that the industry is equipped to develop 
them. 

The interstate oil compact was pre- 
sented by Tom Anglin of Oklahoma, 
who read the speech prepared by Gov- 
ernor E. W. Marland of that state. 
Governor Marland was unable to at- 
tend. He set out the possible benefits 
of the compact and presented it as the 
only constitutional method left to the 





JACOB FRANCE 


Elected Vice President for Refining, 
American Petroleum Institute 





states for moving as a unit in conserv- 
ing oil and gas. 

Colonel E. O. Thompson, chairman 
of the Texas Railroad Commission, 
branded federal control as unnecessary 
and expressed the opinion that there 
is not immediate danger of such legis- 
lation. 


Chicago was selected as the scene 
for the Seventeenth Annual Meeting, 
which will be held November 9, 10, 11 
and 12, 1936. The Stevens Hotel will be 
headquarters. 





GEORGE A. HILL, JR. 


Re-elected Vice President for Produc- 
tion, American Petroleum Institute 





New Officers 


Axtell J. Byles of New York was re- 
elected president of the institute. 

Other officers elected were: Vice 
President at Large, K. R. Kingsbury, 
Standard Oil Company of California, 
San Francisco, re-elected; Vice Presi- 
dent for Production, George A. Hill, 
Jr., Houston Oil Company of Texas, 
Houston, re-elected; Vice President for 
Refining, Jacob France, Mid-Continent 
Petroleum Corporation, Baltimore, to 
succeed W. G. Skelly, Skelly Oil Com- 
pany, Tulsa; Vice President for Mar- 
keting, C. E. Arnott, Socony-Vacuum 
Oil Company, New York, re-elected; 
Executive Vice President, W. R. Boyd, 
Jr., New York, re-elected; Treasurer, 
O. D. Donnell, Ohio Oil Company, 
Findlay, Ohio, to succeed D. J. Moran, 
Continerital Oil Company, Ponca City; 
and Secretary and Assistant Treasurer, 
Lacey Walker, New York, re-elected. 

The board appointed the following 
executive committee: F. A. Leovy, Gulf 





AXTELL J. BYLES 


Re-elected President, American 
Petroleum Institute 





Oil Corporation, Pittsburgh; J. How- 
ard Pew, Sun Oil Company, Philadel- 
phia; E. G. Seubert, Standard Oil Com- 
pany of Indiana, Chicago; H. F. Sin- 
clair, Consolidated Oil Corporation, 
New York; W. C. Teagle, Standard Oil 
Company of New Jersey, New York; 
J. C. VanEck, Shell Union Oil Com- 
pany, New York. 

The following committee on mem- 
bership was appointed: D. E. Buchan- 
on, Hanlon-Buchanon, Incorporated, 
Tulsa; R. A. Bloomfield, Barnsdall Oil 
Company of California, Los Angeles, 
W. H. Ferguson, Continental Oil Com- 
pany, Denver, Colorado; E. J. Bulock, 
Standard Oil Company of Indiana, 
Chicago; and Jake L. Hamon, Cox & 
Hamon, Dallas. 


National Politics Out 


Nowhere on the program did a man 
high in the affairs of the national ad- 
ministration appear. However, two men 
from political families of the two lead- 
ing oil producing states were on the 
program. 

The difference in the 1935 program 
of the Institute and the two previous 
years represents a picture of the 
change that has occurred in one of the 
nation’s major industries. In Chicago 
two years ago Secretary Harold L. 


_Ickes of the Department of Interior 


and administrator of the petroleum 
code, explained the workings of the 
partnership between government and 
industry. Last year in Dallas, Secretary 
Ickes came back as an institute speak- 
er, and scolded the industry. 

The program this year did not call 
upon any man in Washington to dis- 
cuss national government proposals for 
the petroleum industry. Furthermore, 
several speakers on the institute pro- 
gram predicted lessened federal con- 
trol agitation. Not only did the official 
program present the impression that 
the personnel of the industry is con- 
vinced the best operation will come 
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K. R. KINGSBURY 


Re-elected Vice President at Large, 
American Petroleum Institute 





through private endeavor, but casual 
conversations between friends reflected 
the same thought. 


Crude Reserves Stressed 


On two occasions during the meet- 
ing crude reserves was the principal 
subject discussed. It was pointed out 
that no national crisis caused by a 
shortage of petroleum products now 
impends, nor is likely to occur. The 
nation’s proved petroleum reserves are 
not only 100 percent greater now than 
10 years ago, but are adequate to meet 
the demand for at least 25 years if 
properly managed, it was declared. 
Moreover, there is an unlimited supply 
of petroleum products available from 
coal and oil shales when needed. These 
important facts were brought out in a 
report submitted to the board of di- 
rectors of the American Petroleum In- 
stitute by its executive committee, and 
by the Institute’s president, Axtell J. 
Byles, in his address. The full text of 
the executive committee report appears 
elsewhere in this issue of THE OIL 
WEEKLY. 

It was explained that the report was 
presented not only to reveal the in- 
dustry’s present position and its future 
outlook, but also to refute the charges 
of alarmists that petroleum reserves 
are in danger of early exhaustion, that 
the industry has been wasteful and un- 
willing or unable to cooperate in their 
conservation, and that rigorous govern- 
mental control, or making the industry 
a public utility, is necessary. Declaring 
that the industry previously has been 
called upon to dispel fears about the 
available supply of petroleum, the re- 
port recalls that in 1925 a similar study 
was undertaken by the institute. 

President Byles in his address stated 
that if left as an industry free of bu- 
reaucratic control, petroleum is capable 
of providing motor fuel and lubricants 


for the people of the United States for 
as long as there are natural resources 
capable of being converted into energy 
for the internal combustion engine. 

Concerning reserves, Byles said: 

“The current survey, which gives 
careful consideration to the various 
items affecting demand, indicates that 
in 1950 we will require a daily crude 
oil production of 3,041,000 barrels, this 
demand declining by 1960 to 2,926,000 
barrels per day. 


Insterstate Compact Boosted 


The Interstate oil compact came in 
for favorable mention in several in- 
stances. President Byles declared that 
there is no power under the federal 
constitution for the federal government 
to control the production of oil which 
is mining, any more than the refining 
of oil, which is manufacturing. That 
power, he said, is reserved to the states. 


Cc. E. ARNOTT 
Re-elected Vice President for Marketing 








In the interstate compact the petro- 
leum industry has its opportunity to 
accomplish conservation, stabilization 
and avoid federal control. ‘This was 
the basis on which the compact was 
presented to the oil men at the meet- 
ing by Tom Anglin, speaking for Gov- 
ernor E. W. Marland of Oklahoma, 
chairman of the interstate oil compact 
commission. Ernest O. ‘Thompson, 
chairman of the Texas Railroad Com- 
mission, reiterated these views in his 
address on the purpose and operation 
of laws prorating oil production. 


Proration Difficulties Heard 


After recounting the history of pro- 
ration by state regulatory bodies, espe- 
cially Texas, Colonel Thompson ex- 
pressed the opinion that the threat of 
federal control has passed. He ex- 
plained that legislation is enacted only 
in response to an insistent demand and 
that the cry for oil control acts has 
now ceased. Continuing, Thompson de- 
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clared that changes in the economic 
status of the industry as well as the 
nation were given as another’ reason 
why there will be no further agitation 
for federal control. 

Difficulties of state regulation were 
classed by Thompson as coming from 
two sources. One is that the conserva- 
tion statutes are written by legislators, 
who have the whole of the voting pub- 
lic rather than the oil industry’s per- 
sonnel as their constituency. The oth- 
er is a small group of oil producers 
who are not satified with proration 
orders and seek relief through the 
courts. When checked, these men turn 
to violation of both regulations and 
decisions of the courts. 


California Problems 


“Five men could sit down at lunch 
and in an hour agree upon an operating 
method by which the wasteful methods 
at Kettleman Hills North Dome could 
be halted and one of the valuable oil 
deposits of California conserved.” Such 
was the charge hurled by A. L. Weil, 
president of General Petroleum Corpo- 
ration, as a part of his summary of 
conditions on the West Coast. Weil 
took the place of Charles S. Jones, 
president of the California Oil & Gas 
Association. 

He gave figures to show how condi- 
tions have changed in 10 years. In 
1924 daily California production was 
635,000 barrels, while today it is 636,000 
barrels, but stocks have been reduced 
37,000,000 barrels. Consumption 10 years 
ago was 1,100,000,000 gallons a year, 
and for 1935 will be close to 21,000,000,- 
000 gallons. 


Weil expressed the opinion that there 
is no hope of a California conservation 
statute within the next few years. De- 
feat of the Sharkey bill two years ago 
was presented as an indication that it 
is not logical to expect legislation of 
this nature. 


0. D. DONNELL 


Elected Treasurer of American 
Petroleum Institute 
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A.S.T.M. Standards on 
Petroleum Products 
EACH year A.S.T.M Committee D-2 


on Petroleum Products and Lubri- 
cants sponsors the publication under 
one cover of all A.S.T.M. standards 
pertaining to petroleum. The current 
edition, 1935, contains 57 test methods, 
six specifications and two lists of stand- 
ardized definitions of terms, all of this 
material being given in its latest ap- 
proved form. 


The current report of Committee D-2 
comprises an interesting discussion of 
the work on the Sligh oxidation test 
with a proposed method of test for 
oxidation number of lubricating oils 


by the Sligh method. and gives the 
revised Diesel fuel oil classification 
which is published for information. 


A new method of test given for the 
first time covers the vapor pressure of 
motor and aviation gasoline (Reid 
method). During 1935 a number of 
the standard methods given in the 
compilation have been revised includ- 
ing those covering the following: test 
for dilution of crankcase oils, distilla- 
tion of gasoline, naphtha, etc., ductility 
of bituminous materials, testing emul- 
sified asphalts, flash point by means 
of the Tag closed tester. Changes also 
have been incorporated in the tests for 
residue of specified penetration, precipi- 
tation number of lubricating oils, vis- 
cosity by means of the Saybolt viscosi- 
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Even under severe refinery services 


users, who have kept a careful record of the cost of pumps and their upkeep, 
have reported that their Kinney pumps have given long periods of service with- 
out any breakdowns and with replacement part costs astonishingly low. 

Kinney Pumps are operating at capacities ranging from a fraction of a gallon 
to 3,500 gallons per minute; at vacuums on suction side of 25 inches and higher, 
and discharge pressures up to 400 lbs. per sq. in. 


New Bulletin 11 contains unusually complete information. 
Write for a copy now. 


* KENNEY , 


MANUFACTURING CO. 
3539 WASHINGTON STREET, BOSTON, MASSACHUSETTS 


NEW YORK: 30 Church Street 
CHICAGO: 1202 Buckingham Building 


PHILADELPHIA: 725 Commercial Trust Building 


KANSAS CITY: 517 Finance Building 


LOS ANGELES: 1333 Santa Fe Avenue 





meter and water and sediment in pe- 
troleum products by means of the cen-’ 
trifuge. 

In addition standards‘for the follow- 
ing subjects are detailed in the compi- 
lation. 


Burning quality, carbon residue, cloud 
and pour points, color, distillation, flash 
and fire points, gravity, gum content, 
knock characteristics, melting point, 
neutralization number, loss on heating, 
penetration, saponification number, 
softening point, sulfur, viscosity. 

Copies of this publication, 358 pages, 
heavy paper cover, can be obtained 
from A.S.T.M. Headquarters, 260 S. 
Broad Street, Philadelphia, at $1.75 
per copy. Special prices are in effect 
on orders for 10 or more copies. 


Symposium on 
Heat Transmission 


EBs Division of Industrial and Engi- 
neering Chemistry of the American 
Chemical Society announces a Sympo- 
sium on Heat Transmission to be held 
at Yale University, New Haven, Con-' 
necticut, on December 30 and 31, 1935. 
The program being arranged by the 
committee in charge is designed to at- 
tract engineers and chemists whose in- 
terests lie in. the broad field of heat 
transfer, including both heat transfer 
by convection between fluids and solids, 
and heat transfer by radiation from 
gases and solids. It is expected that a 
large and representative group from va- 
rious industrial concerns and universi- 
ties will attend. 


The previous Symposium on Heat 
Transmission held by the American 
Chemical Society was at the Washing- 
ton meeting in 1924, under the chair- 
manship of W. H. McAdams. The 
symposium planned for December con- 
tinues the policy’ inaugurated. by the 
Division of Industrial and Engineering 
Chemistry with the Symposium on Dis- 
tillation held at the Massachusetts In- 
stitute of Technology in December, 
1934, of holding special meetings for 
chemical engineering symposia. The 
marked success of the latter meeting 
encouraged the continuance of the plan. 

The committee in charge consists of 
D. B. Keyes, chairman, T. H. Chilton, 
B. F. Dodge, T. K. Sherwood (chair- 
man pro tem). Those interested in sub- 
mitting papers have been invited to 
communicate immediately with T. K. 
Sherwood, Massachusetts Institute of 
Technology, Cambridge, Massachusetts. 


A.S.T.M Organizes 


_ Gaseous Fuels Committee 


OR some time the American Society 
for Testing Materials has been con- 
sidering requests that it organize a 
standing committee to undertake cer- 
tain standardization and research work 
in the field of gaseous fuels. After 
consultation with the interested parties 
a definite decision was reached to or- 
ganize a formal committee. At a well- 
attended meeting during the, annual 
gathering in Detroit, the committee 
was formally organized with the fol-, 
lowing personnel: 
American Society of Mechanical En- 
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HERE, in one of the newest and 
most up-to-date gasoline plants 
in’ East Texas, you see eleven | selecting Cooper-Bessemer units for this 
COOPER -BESSEMER r rs! : 

oo modern plant, the Sabine people knew what they 


Each unit is a two-cycle Type-1] 


Ts ic thot ol Sobine wanted — the best! It was not a question of price 
Valley Gasoline Company. ... instead, they considered the costs over a period 
of years. Performance has been even better than we 
expected! And the plant has exceeded its capacity 


guarantee by a wide margin. 


COOPER-BESSEMER CORPORATION 


Mount Vernon, Ohio — PLANTS -— Grove City, Pennsylvania 


25 West 43rd St, Mills Bidg., 640 East 61st St, Esperson Bidg. Magnolia Bidg,, 225 Crockett St 
New York City Washinaton, D.C. Los Angeles, Calif Houston, Texas Dallas, Texas Shreveport, La 
j 
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A Better FILTER LEAF 


... of a sturdier cloth that will last longer under 
the exacting requirements of contact filtration 
of oil . . . of a denser texture which will filter 
better and allow less fine clay to pass .. . with 
a welded type of attachment which eliminates 
rim leaks and rim corrosion . . . that can be 
easily flushed out frequently without removing 
from the press . . . which allows a larger clear- 

rain. ance for dropped cake . . . with which it is not 

eee anon weekess oe necessary to remove cloth from leaf until cloth 
renewal is needed—possibly a matter of years. 


MULTI-METAL WIRE CLOTH CO., Inc. 


WIRE CLOTH FILTER CLOTH ALL MESHES ALL METALS 
795 EAST 139TH STREET e NEW YORK, N. Y. 





(Top)—Filter Leaf—Bottom 


@ Use the coupon below to secure additional information on this 
new and better filter leaf. There is no obligation involved. 


ORDER MULTILEAVES FOR YOUR PRESSES DIRECT FROM 
MULTI-METAL 


Quote ON.....ccceeeees Iron Multileaves......... inches diameter 
We use ( 
i lees elle h dds 6.05056 CER ENED E SR KEKE COSC UKHCCOSOCEeSS 


*») Canvas Duck ( 





ER SU IS A Peers ee Se eee ee ee ge PI ey oe Cee Tee 
EG SS RE a err YT err ere eee eee ree er eee eee eee ee 
EEE EO ES Se ee eee re repr rr) rer ree ee eee ee eee eee Tee ee eT eT eee ee eee 

We sell bare leaves. We sell filter cloth for leaves or other purposes. No. 795 
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Cracking Units produce high-quality distillates most eco- 
nomically, efficiently and safely when lime, of the prope 
quality, is added to the charging stock entering the still. , 
Our 24-page booklet "Pioneer Lime—A Contribution to 
Oil Refining Efficiency"’ explains how lime functions to 





prevent corrosion; facilitate coke removal, and promote . 

‘B. S." separation, and why Pioneer Oyster-Shell Lime , 

is especially adapted to these operations. A copy is 
icine. yours on request. 2 


eet ‘THE HADEN Lime Gomp 


MFRS. OF PIONEER OYSTER SHELL LIME*: 
17Z0 SHEPHERD STREET 


HoustTon-JFxAs 





gineers (Power Test Codes Committee 
on Fuels, E. X. Schmidt, Cutler-Ham- 
mer, Inc.): 

C. E. Bales, Ironton Fire Brick Com- 
pany; 

Bethlehem Steel Company, E. F, 
Kenney; 

Brooklyn Union Gas Company, J. F, 
Anthes; 

G. G. Brown, University of Michi- 
gan; 

R. M. Conner, American Gas Associ- 
ation, Testing Laboratory; 

Corning Glass Works, W. W. Oak- 


ley; 

Earle Derby, Standard Gasoline Com- 
pany; 

R. L. Dodge, duPont Ammonia Cor- 
poration; 

H. L. Doherty & Company, H. D. 
Hancock; 

A. C. Fieldner, United States Bureau 
of Mines; 

J. V. Freeman, United States Steel 
Corporation; 

W. H. Fulweiler, United Gas Im- 
provement Company; 

A. W. Gauger, Mineral Industries Re- 
search; Pennsylvania State College; 

S. H. Graf, Oregon State Agricul- 
tural College; 

R. B. Harper, Peoples Gas Light & 
Coke Company; 

G. G. Oberfell, 
Company; 

D. A. Russell, Youngstown Sheet and 
Tube Company; 

H. Smith, Carbide & Carbon 
Chemicals Corporation; 

S. S. Tomkins, Consolidated 
Company of New York. 

Carl D. Ulmer, Koppers Construc- 
tion Company; 

National Bureau of Standards, E. R. 
Weaver; 

J. C. Witt, Universal Atlas Cement 
Company. 

Advisory member: T. R. Weymouth, 
Columbia Gas & Electric Corporation. 

A. C. Fieldner, chief engineer, Ex- 
periment Stations Division, United 
States Bureau of Mines was elected 
permanent chairman of the committee; 
R. M. Conner, director, American Gas 
Association Testing Laboratory as sec- 
retary and R. B. Harper, vice president, 
The Peoples Gas Light & Coke Com- 
pany, was chosen vice chairman. The 
advisory committee will consist of these 
three officers and Dr. G. G. Brown, 
University of Michigan; J. V. Free- 
man, United States Steel Corporation; 
and G. G. Oberfell, Phillips Petroleum 
Company. The personnel of the com- 
mittee is being enlarged to provide for 
representation of other groups and in- 
dustries. 

Careful consideration was given at 
the meeting to a preliminary program 
of work which had been drawn up by 
the secretary for consideration. ‘The 
main subjects selected for immediate 
development by the committee are as 
follows: 

Collection of Samples; 

Measurement. of Samples; 

Calorific Value; 

Specific’ Gravity or Density. 

Subcommittees are now being devel- 
oped to institute work on these various 
projects. It is expected these groups 
will be appointed in the very near fu- 
ture and that when certain details are 
developed actual work will get under 
way. 


Phillips 


Petroleum 


Gas 
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Now you should know about 


PoLYMER GASOLINE 


Polymer gasoline is an utterly new motor 
fuel that opens the way to better profits for you 


Octane rating, 82 or better; 
blending value, 115 to 125— 
higher than pure benzol or 
isooctane—more miles per gallon 


Polymer gasoline is made from cracked gases 
by catalytic polymerization The process was 
invented and developed by Universal technol- 
ogists; its benefits are yours if you want them, 
whether you are a Dubbs licensee or not 


Catalytic polymerization is writing a new 
chapter in refining history That chapter is 
mighty important to you if you are now 
burning cracked gas under your boilers 


You ought to know more about it and it will 
cost you nothing to find out 


Let us tell you about POLYMER GASOLINE 


Dubbs Cracking Process 
Owner and Licensor 


Universal Oil Products Co 
Chicago, Illinois 





Copyright 1935 Universal Oil Products'Co 
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The Problem 


Pressure and Flow Control. Direct or 
remote operated. 
liquids. 


Steam, gas, air, 


The Answer 


Kieley & Mueller products, simple in | 


design and operation, with a world- 
wide reputation for dependable per- 
formance, long life and freedom from 
repairs. 


K & M PRODUCTS 


Back Pressure Valves Pump Governors 
Balanced Valves Steam Traps 
Air Pilot Operated Valves 
Pressure Regulating Valves 
Liquid Level Controllers 


The Proof 


Standard equipment in many of the 
largest refineries and industrial plants. 
Designed by engineers experienced in 
the field. Built to precision standards 
by skilled machinists. K & M products 
over 30 years old, still giving depend- 
able performance. 


Write for catalog or put your problem 
up to our engineers. 


KIELEY & MUELLER, Inc. 


Main Office and Warehouse: 
34 W. 13TH ST., NEW YORK, N. Y. 
Factory: Newark, N. J. 


AGENTS IN ALL 
PRINCIPAL 
CITIES 
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Gasoline Pipe 
Line Completed 


ONSTRUCTION of the Keystone 

Pipe Line Company’s 165-mile, six- 
inch gasoline line extending from a 
point near Mechanicsburg to Pittsburgh, 
Pennsylvania, was completed early in 
November. The east half of the line 
was completed and tested during Oc- 
tober and filled with gasoline to a point 
below Altoona. Keystone Pipe Line 
Company also started work recently on 
a 15-mile branch line from its new 
trunk line extension and other such 
short lines are planned so as to tie in 
with cities adjacent to the system. The 
company is a subsidiary of The Atlantic 
Refining Company and handles gasoline 
produced by that company’s Phila- 
delphia refinery. Completion will bring 
about marked decreases in refining at 
the company’s Pittsburgh and Franklin, 
Pennsylvania, plants. 


Warren Petroleum Buys 


Amerada Gasoline Plants 


ARREN PETROLEUM COM- 

PANY last month announced that 
its subsidiary, Natural Gasoline Cor- 
poration, had purchased all of the 
natural gasoline plants, equipment and 
natural gasoline production of Amerada 
Petroleum Corporation in Oklahoma 
and Texas. The purchase involved six 
plants in Oklahoma and one in Texas, 
the combined capacity of which is ap- 
proximately 158,000 gallons daily or 
about three times the present daily 
production. Change of ownership be- 
came effective on October 1. 


M. E. Mockley, who came with Ame- 
rada Petroleum Corporation at the time 
its first gasoline plant was built and 
has been general manager of the natur- 
al gasoline division of the company for 
the past 14 years, will be with the new 
organization as vice president in charge 
of operations. Other cfficials of Natural 





W. K. WARREN 


Gasoline Corporation are W. K. War- 
ren, president; J. A. LaFortune, vice 
president; H. E. Felt, secretary, and A. 
J. Murphy, treasurer. All but one mem- 
ber of Mockley’s staff and the entire 
field personnel have been taken over. 
H. W. Hartz will continue as Mockley’s 
assistant and W. A. Baden of the War- 
ren organization will join Natural Gas- 
oline Corporation. All casinghead gas 
rights of Amerada Petroleum Corpora- 
tion in the new Monument field of Lea 
County, New Mexico, are included in 
the transaction. In addition contracts 
are being signed with other operators 
in that area and the new company 
plans erection of a large natural gas- 
oline plant in that field. 


Unfired Pressure Vessel 
Code Undergoing Revision 


HE joint A.P.I.-A.S.M.E. Code for 

Design, Construction, Inspection and 
Repair of Unfired Pressure Vessels for 
Petroleum liquids and Gases, prepared 
in and published in 1934 by a joint com- 
mittee of the American Petroleum In- 
stitute and the American Society of 
Mechanical Engineers, is now undergo- 
ing revision. This code has become 
widely used by the petroleum industry. 
The joint committee now is engaged in 
the preparation of a revision which 
probably will include a new section on 
integrally-forged vessels. The five sec- 
tions of the revised code will be, Sec- 
tion W, Fusion-welded unfired pres- 
sure vessels, Section R, Riveted unfired 
pressure vessels, Section F, Integrally- 
forged pressure vessels, Section I, In- 
spection, repair, and allowable working 
pressures for unfired pressure vessels 
and Section S, Material specifications. 
It is expected that the second edition 
will be available near the end of this 
year. 


Penn Grade in 
Sealed Drums 


TEPS to protect export shipments 

of motor oil marketed by its mem- 
bers were taken by the Pennsylvania 
Grade Crude Oil Association through 
recent adoption of a new regulation. 
The new ruling, governing the method 
for export shipments, is designed to 
prevent substitution or adulteration of 
the contents of drums or barrels des- 
tined for overseas consumption. 

All such drums and barrels will here- 
after be sealed with metal closures cov- 
ering both openings. The closure seals 
will bear the emblem of the association 
lithographed in blue and gold and are 
of such construction that it is impossi- 
ble to open the container without de- 
stroying the seal. The permit number, 
assigned to that brand of oil by the 
association will appear on the seal to 
identify the supplier. 


Are Welding 
Handbook 


HE “Procedure Handbook of Arc 

Welding, Design and Practices,” 
third edition,’ has been published by 
The Lincoln Electric Company, Cleve- 
land, Ohio. This edition is considerably 
larger than the previous one. The new 
volume contains 586 pages, is encyclo- 
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Today's MARKETS 
CALL FOR Today's PRODUCTS 


MADE BY Today's METHODS 


















Latest type Alcorn 
Oil Heating Furnace 
which has several ex- 
clusive operating fea- 
tures. Write for de- 
dails. 

















NEW DEVELOPMENTS Alcorn Engineers—and there is one in 


Consider these before adding new equip- OF near every refinery center—are fully 
ment, for it.is today’s markets with their informed on both the economic and en- 


demands that you must meet. Yester- gineering phases of refinery moderniza- 
day’s methods and equipment frequently tion. They will be glad to discuss plans 
will not produce the products required. with you. 


ALCORN COMBUSTION ENGINEERING SERVICE COVERS 
THE LATEST DEVELOPMENTS IN... . 


COMPLETE REFINERIES POLYMERIZATION UNITS 
CRACKING UNITS ASPHALT PLANTS 
SOLVENT REFINING LUBE PLANTS GASOLINE ABSORPTION PLANTS 


ALCORN COMBUSTION COMPANY 


BELLEVUE COURT BUILDING, PHILADELPHIA, PA. 
Hunt Building, Tulsa * Sterling Building, Houston é Oliver Building, Pittsburgh * San Francisco, Califotnia 
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pedic in scope and contents, and is di- 
vided into eight princpal sections that 
deal with important phases of arc weld- 
ing. The text has more than 700 illus- 
trations. The different sections of the 
book describe welding methods and 
equipment, technique of welding, pro- 
cedures, speeds and costs of welding 
mild steel, structure and properties of 
weld metal, weldability of metals, de- 
sign for arc-welded steel construction, 
designing for arc-welded structures and 
a thorough treatment of typical appli- 
cations of arc welding in manufactur- 
ing, construction and maintenance, and 
advertising section. Copies will be 
mailed to any address in the United 
States for $1.50 each. 


vY PLANT ACTIVITIES VY 


Improvements: London and Thames 
Haven Oil Wharves, Ltd., Thames 
Haven, Essex, England, plans exten- 
sions to its existing refinery, with con- 
tract to Foster Wheeler Corporation. 


Improvement: Worringham, Edward 
& Company, Ltd., Deptford, S. E. 8, 
England, plans to completely rebuild 
its lubricating oil refinery. 


Improvements: Anglo-American Oil 
Company, Ltd., Port Ellesmere, Eng- 
land, has announced that it will install 
some additional new units, including 








40 Rector St. 


58% Soda Ash 
Caustic Soda 


Solid—Flake—Ground—Liquid 


Leading refiners depend on these products for the 
quality and uniformity which industry inevitably asso- 
ciates with the name Solvay. First in pioneering the 
development of American sources of alkali, The Solvay 
Process Company is recognized as the outstanding 
leader of its field—first in size and first in facilities 
for rendering efficient service. 


Strategically located plants at Syracuse, Detroit and 
Baton Rouge, as well as 100 stock and distribution 
points, insure prompt delivery of Solvay products at 
minimum transportation rates. 


W rite today for prices and full information. 


Solvay Sales Corporation 


Alkalies and Chemical Products Manufactured by 
The Solvay Process Company 


New York 


specialty plant, contract for the latter 
to Alco Products, Inc. 


Improvements: Curacaosche Petro- 
leum Ind. Mij. Willemstad, Curacao, 
D. W. I. is constructing additional 
cracking and naphtha reforming units 
and is generally modernizing its 165,- 
000-barrel refinery. 


Refinery: Iraq Petroleum Company 
plans erection of a new refinery at 
Baba Gurger, near Kirkuk, Iraq, con- 
tract to Foster Wheeler Corporation 
for stabilization units. 


Improvements: Assam Oil Company, 
Digboi, India, is enlarging capacity of 
its 7000-barrel refinery and reconstruct- 
ing Dubbs cracking units. 


Solvent Plant: Standard Franco- 
Americaine de Raffinage, at Port Je- 
rome, France, is reported planning 
erection of a propane dewaxing plant. 


Cracking Unit: Societe Tyonnaise 
Schistes Bitumineux, at Auton, France, 
is building a new Dubbs cracking unit 
of full flashing type. 


Refinery: Korean Petroleum Com- 
pany, Japan, has been formed by Jap- 
anese interests with reported capital of 
$3,000,000 and contemplates establish- 
ment of a petroleum refinery in Korea. 


Distillation Unit: “Galicja” Spolka, 
Akcyjna at Drohobycz, Poland, is to 
construct a new atmospheric and vac- 
uum distillation unit. Contract to Fos- 
ter Wheeler Corporation. 


Refinery: Zeilenievski & Fitzner 
Gamper at Krakow, Poland, is building 
a new refinery with contract to Foster 
Wheeler Corporation. 


Distillation Unit: Romano-Americana 
(subsidiary of Standard Oil Company 
of New Jersey) is reported planning 
erection of a new tube still distillation 
unit, a stabilization system and phenol 
solvent refining process at Ploesti- 
Teleajen, Roumania. 


Improvements: Steaua Romana plans 
erection of a new tube still for lubri- 
cating oil manufacture at Campina, 
Roumania, with contract to Arthur G. 
McKee Company, and two Braun sta- 
bilization units. 


Refinery: Campsa (Spanish Petro- 
leum Monopoly) is reported planning 
erection of a new refinery at Santan- 
der, Spain. 


Shale Oil Plant: South African Tor- 
banite Mining and Refining Company, 
at Ermelo, Transvall, Africa, is build- 
ing a 1000-barrel distillation unit for 
handling shale oil. 


Improvements: Agwi Petroleum Cor- 
poration, Ltd., Fawley, England, plans 
addition of a new stabilization system 
and an Edeleanu solvent refining plant. 


Construction: Societe Anonyme des 
Petrole Jupiter, at the Pauillac and Pe- 
tit Couronne (near Rouen) refineries, 
France, is building Dubbs reforming 
units and Dubbs full flashing cracking 
units at each refinery. 


Cracking Unit: Fanto-Werke A. G., 
Pardubice, Czechoslovakia, at its 4000- 
barrel refinery is reported planning 
erection of a new cracking unit in the 
near future. 
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Refinery: Comet Oil Refineries, Ltd., 
Montreal, Canada, is progressing rap- 
idly with construction of its 2700-barrel 
topping plants and 2280-barrel Dubbs 
cracking unit. 


Refinery: Yacimientos Petroliferos 
Fiscales (Argentine Government Oil 
Fields), Buenos Aires, Argentina, is 
reported planning establishment of a 
small refinery for the Mendoza oil- 
field district. 


Gasoline Plant: Natural Gasoline 
Corporation (subsidiary of Warren Pe- 
troleum Company), which recently pur- 
chased the six gasoline plants of Am- 
erada Petroleum Corporation, plans 
to erect a new gasoline plant in the Monu- 
ment field, Lea County, New Mexico. 


Hydrogenation: Hydierwerke A. G., 
formed by The Prussian State Collier- 
ies of the Ruhr, Germany, is installing 
a large process for production of mo- 
tor fuel from coal. The new hydro- 
genation plants will increase capacity 
to 90,000 tons annually. 


Carbonization Plants: Braunkohle 
Benzine Company, Germany, is build- 
ing plants at Doehlen near Leipzig and 
near Madgeburg, for production of 
gasoline from lignite. These plants will 
use low temperature carbonization of tar. 


Operating: Pettus Refining Com- 
pany, Mathis, Texas, had. completed 
construction work and placed the 1000- 
barrel skimming plant in operation. 
Plans call for a pipe line to the Live 
Oak County fields in the near future. 
Roy Mechen, general superintendent. 


Gasoline Line: Keystone Pipe Line 
Company, subsidiary of The Atlantic 
Refining Company, has completed con- 
struction of a 165-mile six-inch gaso- 
line pipe line extending from Mechan- 
icsburg to Pittsburgh, Pa. The com- 
pany is putting in several short branch 
lines from its main trunk system to 
adjacent cities. 


Refinery: Coastal Refineries, Inc., is 
completing work on its 5000 barrel re- 
finery at Port Isabel, near Browns- 
ville, Texas. Company is affiliated with 
Valley Pipe Line Company which has 
completed an 88-mile pipe line from 
Samfordyce field to Port Isabel. 


Enlarge: Tyreco Refining Company, 
Arp, Texas, has purchased Anarene Re- 
fining Company’s 200-barrel skimming 
plant, located near Anarene, Archer 
County, Texas, and will enlarge to 
about 1000 barrels daily. The company 
operates two slants in the East Texas 
field. 


Gasoline Plant: Breckenridge Gaso- 
line Company has suspended operations 
at its natural gasoline plant in southern 
Stephens County, Texas, owing to 
shortage of gas supply. Gas contracts 
have been assigned to Hanlon Gaso- 
line Company. 


Treating Plant: Wilshire Oil Com- 
pany, Santa Fe Springs, California, has 
let contract to Stratford Engineering 
Corporation for installation of a 5000- 
barrel Contactor Centrifuge Cold 
Treatment plant for acid treating pres- 
sure distillation from its new Dubbs 
unit now building. Plant will include 
mechanical refrigeration for cold treat- 
ing, Stratco contactors for dispersion 
and intimate mixing and direct driven 
centrifuges. 


Vv BUSINESS NOTES y 


R. HANS TROPSCH, associate di- 

rector of research of Universal Oil 
Products Company, Chicago, and one 
of the world’s great research chemists, 
died October 8 in Essen, Germany, af- 
ter an illness of several months. 

Dr. Tropsch was a world authority 
on coal and oil chemistry, particularly 
catalytic hydrogenation of carbon mon- 
oxide from coal to produce gasoline 
and other oils. 

He worked with Franz Fischer in 


developing a process to make motor 
fuel from carbon monoxide and hydro- 
gen, and plants are now being built 
in Germany to operate this process. 

Born October 7, 1889, Dr. Tropsch 
was graduated in 1912 from the Ger- 
man Technische Hochschule in Prague, 
and -received his doctor’s degree from 
the same school in 1913. 

From 1920 to 1928 he was associate 
director of the Kaiser Wilhelm Insti- 
tute for coal research, in Mulheim- 











Disassembled view of Type BR Westco Turbine 
Pump showing Pump Casings, Removable Lin- 


ers and Impeller-shaft unit. 
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YOU keep your plant’s 
PUMP INVESTMENT DOWN with WESTCOS 


Patented Removable Liners save 
money for Westco Pump users 


\\ ESTCO is the truly modern pump. 
It is its own “stand-by” or auxiliary 
pump unit when extra Liner-Impeller 
sets are carried on hand. This practice 
furnishes “stand-by” pump protection 
at about % usual cost. 
Three other valuable advantages of 
this popular Westco feature are: 
1. Less metal required for alloy con- 
struction, 
2. Longer service life for pump casings. 
3. Capacity of pump can be increased 
or decreased, 


Superior Construction 


All Westcos have a double-suction 
itake which creates a perfect hydrau- 
tic balance within the pump. Casings 
are vertically split for quick, easy re- 
moval of Liners, Impeller-shaft unit 
and bearings (complete disassembly) 
without disturbing suction or discharge 
connections. 

These pumps are favorites through- 





HIGH PRESSURE - SINGLE STAGE 
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out the industry for Still Charging and 
for handling Hot Oil, Fuller’s Earth, 
Chlorine Treating Solutions. Mineral 
Seal Oils, Naphtha, Chemicals, Brine, 
Water, etc. 
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Type BR Westco Turbine Pu 
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Send Coupon for Details 


_ Send coupon below for FREE interesting 
literature and handy Performance and Selection 
Tables. _No_ obligation. WESTCO PUMP 
CORPORATION, avenport, Iowa. Branches: 
New York, Phila., Chicago, Los Angeles and 
-— Francisco. Representatives in 100 Principal 
ities. 


-——-COUPON BRINGS DETAILS-—— 


WESTCO PUMP CORP., Daven Towa. 
Dept. N-11. Gentlemen: "Without obligation 
please send me Form 679 and Tables. 
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The designing, engineering and construction service 
of our organization embraces all petroleum. industry 





building projects. in undertaking such construction 
we assume full responsibility and work in conjunc- 
tion and cooperation with oil company engineers. 
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DR. HANS TROPSCH 


Ruhr.: In the latter year Dr. Tropsch 
was commissioned by the Czechoslo- 
vakian government to organize and 
head a national coal research institute 
in Prague. He was director of that 
institute until 1931 when he came to 
this country to join the research staff 
of Universal Oil Products Company. 

In addition to his work with Univer- 
sal Oil Products Company, he was also 
professor of chemistry at the Univer- 
sity of Chicago and at Armour Insti- 
tute, Chicago. 


OLONEL WILLARD F. ROCK- 
WELL, president of Pittsburgh 
Equitable Meter Company, Merco 
Nordstrom Valve Company of Oak- 
land, California, and Timken Compa- 
nies of Detroit, has just completed a 
trip from coast to coast, visiting the 
various plants operating under his di- 
rection. Because of the widely diversi- 


| fied markets for the products and equip- 


ment manufactured by these companies, 
he obtains a broad outlook on industry 
as a whole. His optimism over present 
business conditions is shown by the 
fact that expenditures in the various 
plants which he heads have been au- 
thorized to the extent of over a million 
dollars. 

The rapidly expanding export busi- 
ness of these several companies has 
necessitated Colonel Rockwell’s visit to 
South and Central America at this time. 
His return to the Untied States, via the 
Pacific Coast, is planned to enable him 


to attend the American Petroleum In- - 


stitute at Los Angeles. 


LECTION of John D. Swain as 

vice president of Electro Metal- 
lurgical Sales Corporation was an- 
nounced October 2. He has been vice 
president of The Linde Air Products 
Company and Union Carbide Sales 
Company, which are other-units of 
Union Carbide and Carbon Corpora- 
tion. He has been actively connected 
with these units for 20 years. His 
offices will be in the Carbide-and Car- 
bon Building, 30 East 42nd Street, New 
York, 


NEARLY 100 field service represen- 
tatives of Oakite Products, Inc, 
will meet at the headquarters office 
in New York, December 9 to 13, 1935 
in connection with the annual technical 
sales conference. A large number of 
technical papers will be read dealing 
with the technical cleaning problems 
of many different industries. Mechani- 
cal improvements in production equip- 
met that have occurred during the past 
year have, in turn, made necessary 
many changes in cleaning methods and 
materials and the interchange of ideas 
developed through the technical dis- 
cussions at this coming conference, 
puts each Oakite field representative 
in a position where he can be more 
helpful to the industries he serves. 


S. BAYLIS has announced his 

withdrawal from Filtrol Com- 
pany of California. Baylis, who for 
over 20 years has been active in the 
development of refining processes for 
animal, vegetable and mineral oils, has 
had numerous patents issued in his 
name. As one of the founders of Fil- 
trol Company of California over 14 
years ago, he has been identified as a 
leader in the manufacture of acid-acti- 
vated clays and adsorbents. He has not 
announced for the immediate future, 
although it is intimated that he will 
continue to be identified with the pe- 
troleum industry. 


OHN PRIMROSE, who has_ been 
vice president of Foster Wheeler 
Corporation since it was organized, 


has been elected vice chairman of the 
board, following the resignation of 
Pell W. Foster, who will continue as 
a director. In 1901 Primrose became 
chief engineer of Power Specialty Com- 
pany and subsequently vice president 
in charge of oil refinery activities. 
When Foster Wheeler Corporation was 
formed he was elected a vice president, 
which office he has held to the present. 
Through these associations he has be- 
come well known in the oil refining 


industry in this country and abroad. 





JOHN PRIMROSE 
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Performance Record 
Proven for 


900°F Operating Temperature 
1800 Pound Per Sq. In. Pressure 
Perfect Safety Record 

Low Maintenance 

High Sustained Efficiency 
Cleanability 

Consistent Design 

Proven Construction 


Exclusive Features 








PATENTED AND MANUFACTURED IN 
U. S. A. AND MANY OTHER COUNTRIES 





This book discusses in detail 
the great improvements made 
year-by-year from 1922 to 
date. 








Please ask for Bulletin RIOO 





November, 1935—A Gulf Publishing Company. Publication 57a. 











PREFERRED 


FOR MORE THAN 
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Popular refinery patterns. 
Williams’ Offset Socket 
Wrenches are used ex- 
tensively in Cracking Unit 
Service. 


® For more than fifty years 
Williams’ Drop-Forged Wrenches 
have been recognized for their 
superior design, their outstanding 
performance and their long-time 
dependability. They have the 
“stuff” in them. 

There are no short-cuts in 
manufacture to hazard their 
quality. Every one bears the 
Williams’ guarantee. You can buy 
them with the absolute assurance 
you are “buying the best.” 50 
patterns, over 1008 sizes. 

Williams also manufacture a 
complete line of “Superrenches” 
(Chrome-Molybdenum) and De- 
tachable “Supersocket” Wrenches 
—thin, strong, handsomely fin- 
ished in chrome-plate. 


Ask your distributor. 


J. H. WILLIAMS & CO. 
“The Drop-Forging People” 
75 Spring St., New York 


Western Warehouse and Sales Office, 
Chicago ... Works, Buffalo, N. Y. 


MAKERS OF “VULCAN” TONGS 


WILLIAMS 


WRENCHES 


MOST COMPLETE LINE IN U.S.A 








PCPERT CHELSTROM, New Eng- 
land representative of Oster-Wil- 
liams, Cleveland, Ohio, was killed in 
an automobile accident, October 18, 
while returning to his home in Boston, 
from a trip to Connecticut. He was 59 
years of age at the time of his death. 
Chelstrom joined the sales organiza- 
tion of The Oster Manufacturing Com- 
pany in 1924 and when this organiza- 
tion merged with Williams Tool Cor- 
poration in 1929 he continued as New 
England representative for both, han- 
dling the combined lines of threading 
tools and machines. 


AVING returned to the United 
State after a sojourn of a year 
and a half as instrument and process 
engineer for refineries in Netherlands 
West Indies, Robert E. Rogers, Jr., 
has rejoined the engineering-sales staff 
of the New York office of The Fox- 
boro Company, Foxboro, Mass. Rogers 
first became identified with The Fox- 
boro Company in 1930, and was con- 
nected with the Tulsa and New York 
offices, serving Mid-Continent and 
Eastern process industries, before leav- 
ing for the Indies early in 1934. 


RANK F. CHILES, formerly man- 

ager of sales of the Bar Division 
of Corrigan, McKinney Steel Com- 
pany, has been appointed assistant 
manager of sales of the Bar Division, 
Republic Steel Corporation, with head- 
quarters at Youngstown, Ohio. In his 
new capacity, Chiles will assist W. F. 
Vosmer in supervising the sales of all 
carbon semi-finished steel bars, shapes 
and plates produced by Republic Steel 
Corporation. 


N exhibit showing the actual mak- 

ing of oil testing instruments will 
be seen at the International Petroleum 
Exposition of Tulsa May 16 to 23, 1936, 
according to W. A. Schlueter, chairman 
of the scientific and technical commit- 
tee who announces that the committee 
has arranged for C. J. Tagliabue Manu- 
facturing Company to bring more than 
$50,000 worth of equipment and a half 
dozen operators to the exposition. 


This glass blowing exhibit will show 
the making of hydrometers, colorime- 
ters, chronometers, burning test gauges, 
emulsion apparatus, viscometers, cloud 
pour and test apparatus, corrosion and 
gum testing, petroleum melting point 
apparatus, ring and ball tester, distilla- 
tion apparatus, sulphur determination 
apparatus, and many other instruments 
used in the oil industry. 


. S. GREGORY COMPANY, Con- 
sulting Engineers, 2221 N. Denver 
Place, Tulsa, Oklahoma, has been ap- 
pointed exclusive licensing agent for 
the Perco process of chemical refining, 
formerly termed the “copper sweeten- 
ing” process. The process was perfect- 
ed after several years development 
work by Petroleum Engineering Re- 
search Company, a subsidiary of Phil- 
lips Petroleum Company. The process 
is reported to be adaptable to sweeten- 
ing or treating natural _ gasoline, 
straight-run naphtha, cracked gasoline 
or vapor recovery gasoline. 


ALPH M. Parsons has moved thé 
main offices of his company to’ 310 §. 
Michigan Avenue, Chicago, from» Mount 
Vernon, Ohio, which has been head 
quarters since its organization a year ago, 
Ralph M. Parsons Company is an engi- 
neering and contracting organization, de: 
voted primarily to work in the oil refin- 
ing field, specializing in the design and 
construction of large and small Dubbs 
cracking and reforming units. The com- 
pany recently completed the construction 
of a 750-barrel special Dubbs cracking 
unit at the plant of the Home Oil Re- 
fining Company, Great Falls, Montana, 
and is now installing additional equip- 
ment there. 


It is also building a 12,500-barrel com- 
plete refinery, of which the primary fea- 
ture is an &8000-barrel Dubbs cracking 
unit, for Wilshire Oil Company of Los 
Angeles. 


Parsons is also starting work on a 700- 
barrel special Dubbs cracking unit for 
Malco Refineries, Inc., Artesia, New Mex- 
ico, and has two other Dubbs cracking 
units under contract. 


The change of headquarters necessi- 
tated the moving of some 40 people from 
Mount Vernon to Chicago. 


Parsons will continue to maintain of- 
fices at 4800 Santa Fe Avenue, Los An- 
geles, in charge of Milton Lewis, and at 
815 Tower Petroleum Building, Dallas, 
Texas, in charge of Allen M. Peairs. 


EORGE B. MURPHY, manager of 

the research and development labora- 
tories of Universal Oil Products Com- 
pany, Chicago, on October 9, addressed 
the Institute of Chemical Engineers at 
Chicago, on “Catalytic Polymerization as 
a Means of Producing Motor Fuel.” He 
traced the development of his company’s 
catalytic polymerization process from the 
laboratory stage, in which two cubic feet 
of cracked gas per hour were processed, 
up to the present successful large-scale 
commercial stage where polymer gasoline 
is produced at the rate of five gallons or 
more per 1000 cubic feet of gas processed. 


HE Hancock Valve Division of the 

Consolidated Ashcroft Hancock Com- 
pany, Bridgeport, Connecticut, announces 
the recent appointment of the Moorlane 
Company and Frick-Reid Supply Corpo- 
ration, both of Tulsa, Oklahoma, as stock- 
carrying jobbers. 

Malcolm Black has recently completed 
a four months training course at the 
Bridgeport and Boston plants of Con- 
solidated Ashcroft Hancock Company and 
has been added to the Tulsa office of this 
company. Black has had’ several years of 
practical experience in and is well known 
to the Mid-Continent oil industry. 


Effective Thursday, October 10, the 
Pittsburgh district sales office of Repub- 
lic Steel Corporation removed from 4th 
and Bingham streets, S. S., to 1832 Oliver 
Building, Pittsburgh, Pennsylvania. The 
phone number of the offices in the Oliver 
Building is Grant 2425. F. M. Welsh con- 
tinues in charge of the office, assisted by 
his present. staff. 

Union Drawn Steel Company, a Re- 
public Steel Corporation subsidiary, moved 
into an adjoining suite in the Oliver 
Building. W. C. Gullyes, district sales 
manager is in charge. 
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Typical insulating job planned by the Eagle-Picher Contracting Division. This topping unit was 
onl insulated with Eagle Blankets, Eagle 66“ Plastic Insulation and Eagle Insulseal (waterproofing 
ing cement). Pipes were insulated with Eagle “77 Pipe Covering and Eagle 55" Block Insulation. 
0s Planned by Eagle-Picher 
00- ° ae 
fos Contracting Division 
PX= 
ng Done with Eagle Insulat- 
me ing Materials 
yf- 
\n- 
at 
wi: @ There’s one sure way to make sure of an A-1 
insulating job — turn the job over to men who 
; ate experts in solving insulating problems. 
be Eagle-Picher has specialized in this service for 
m- years. Refiners who have used this service find 
ed it pays. 
Pr When the engineers in our Contracting Divi- 
He sion are called in to study a job, they have a 
re wealth of practical experience in the oil fields to 
nat guide them in their recommendations. They 
ed, supervise all work as it is being done with Eagle 
“ insulating materials. 
or Next time you have an insulating job to be 
od. done, put it up to Eagle-Picher. The Contracting 
Division prides itself on fine workmanship. The 


he Manufacturing Division believes that the full 
nai line of Eagle insulating materials is unsurpassed 











es 3 3 : 
a for high quality and efficient performance. 
\O- 
k- 
ed EAGLE 
he 
n: INSULATION 
n 
is 
is SERVICE 
vn 
FOR OIL 
he 
= Eagle Stalistic (boiler setting cement). Durable For complete information about all Eagle 
ft coating protects all heat insulation against deterioration. Insulating Materials see 40-page catalog 
er 
Eagle Fireproofing Concrete. High grade insulati i sf y 
he @ The Eagle-Picher Lead Company manufactures a concrete that raters dg pane tba PS sn shed s. If you do not have Sweet's on 
er full line of insulating materials, effective for a complete to structural members. file, mail coupon for free booklet. 
n- range of temperatures. Representative products: Eagle “99” Finishing Cement. Easily applied, eff sae enema nome wanna aeons 
by Eagle “‘66’’ Plastic Insulation. Plastic insulation, cient, adheres to hot or cold surfaces, dries hard, durable. page egg a Lead ping ae ei 0. 
- : ease send me, free, your ustrat atal 
me applied, ow effective for temperatures as Eagle Asbestos Lumber. Structurally strong, fire- mmenies tak mane catalog on 
e- igh as 1800° F, proof, resists heat and weather. 
ed Eagle Blanket Insulation. Insulating wool felted and Eagle ““77”” Pipe Covering. Insulating wool felted Name 
er secured, for boilers, breeching, oil refinery equipment, and secured, flexible and easily applied. Particularly 
es furnaces. adapted for hot lines where a ce nent anish is desired, Address 
City __ State. se eet ee 
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First Aid Call 


VERY one connected with an oil 

refinery realizes the hazards con- 
nected with the various operations, but 
when an employee becomes injured, 
unless some other person is nearby, he 
sometimes finds it difficult to attract 
the attention of the proper person to 
administer first aid. 

In the plant of Freedom Oil Works 
Company, Freedom, Pennsylvania, is 
a whistle which is to be used only 
when an employee is in need of first 
aid. The whistle valve is placed near 
the change room, where a man has 
easy access to it, and only needs to 
travel a comparatively short distance 
from any part of the plant to call as- 
sistance. According to company rec- 
ords, the whistle has not been blown 
for many months, but, nevertheless, it 
stands ready to serve an injured em- 
ployee when he needs attention most. 


Sprinkler System in 
Compressor Plant 


PRINKLER systems to. control 

fires have been used many years, 
but few have been installed in gaso- 
line plant compressor rooms. Union 
Oil Company of California installed 
sprinkler systems so fires could be 
controlled and perhaps extinguished 
before extensive damage resulted. 

A series of pipe lines are laid on 
the girders above the compressors, 
having spray nozzles attached at con- 
venient intervals, near enough to each 
other that water falling from them 


under pressure will overlap and 
thoroughly wet everything beneath 
them. A feed line leads from the 


boiler pump discharge so that con- 


stant pressure is available. 

If fire should occur, the boiler fire- 
man or other employe nearby can set 
the sprays in operation by opening a 


valve near the boiler battery, and des- 
ignated by a painted board showing 
just what to do and when to do it. 
The expense of this installation is 
nominal, and can be built of salvaged 
material throughout, including sprays, 
pipe and valves. i 


First-Aid for 
Lubricator Glass 


HEN a careless oiler cracked the 
glass on the lubricator supplying 
the pin bearing on an oil pump, it 
looked like he would have to stand by 





Shellac and Paper Make 
Emergency Repair 


with the pump can and try to keep up 
a supply of lubricant to the bearing 
until a replacement could be obtained. 

Fortunately, however, the glass was 
not all broken out, and the engineer 
was able to make an emergency repair 
which stood up even better than he 
had anticipated. Cleaning the glass 





The Sprinkler System in the Compressor Plant, a novel idea in 
fire fighting, is controlled at this point. 


with gasoline, he fitted the larger parts 
together jig-saw puzzle style, and 
coated them on the outside with shel- 
lac, which he had allowed to dry until 
very “tacky”. Around these pieces of 
glass, and lapping over onto the un- 
injured portion of the cylinder, was 
pressed a piece of ordinary bond pa- 
per, also coated on the inner side with 
nearly dry shellac. 

In a very few minutes the shellac 
hardened sufficiently to allow the lu- 
bricator to be refilled with oil and 
again put on the job. Some days later, 
when it became apparent that a re- 
placement glass would be a long time 
arriving, the paper was given a coat 
of aluminum paint—and that same 
patched lubricator, although now 
moved away from such a conspicuous 
spot as it occupied when broken, is 
still serving the purpose, three years 
after the supposedly temporary repair. 

ELTON STERRETT, 
Longview, Texas. 


Barrel Sampling Device 


ae order to forestall any cause for com- 
plaints by customers on account of 
minute quantities of moisture in barrels 
of finished oils, Freedom Oil Works Com- 
pany, Freedom, Pennsylvania, developed a 
barrel sampling device which not only 
samples the oil from any depth, but the 
moisture or water settled to the bottom 
of the drum may be easily withdrawn. 





Sampling Device 


The instrument was made from a piece 
of smooth seamless copper tubing, drawn 
to a small orifice at one end, and fitted 
with fingersholes ‘at the other. The opera- 
tor, when inspecting a filled barrel before 
it is sealed, introduces the sampler into 
the bung hole, and, with the barrel tipped 
to one side as it travels down the auto- 
matic conveyor, is able to draw a sample 
from the drum, as well as to remove all 
of the moisture. 
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Safety Ladder 


Counterbalanced 
Safety Ladder 


ACKING storage space in the plant 

machine shop, it was decided to use 
an attic overhead for this purpose. En- 
trance to the attic had to be effected by 
means of a ladder, which, because of 
overhead lineshafts and belts, was neces- 
sarily located in such position as to be 
unsafe and inconvenient as regards pass- 
ing between the various machines on the 
floor. This difficulty was finally over- 
come by constructing a counter-weighted 
ladder, similar in design to the counter- 
balanced stairways often used on the fire 
escape systems of large buildings. 

When not in use this ladder, due to the 
heavy counterweights, automatically raises 
itself out of the way. A heavy piece of 
cord attached to its foot and hanging 
within hands’ reach of the floor allows it 
to be lowered when needed. If desired, 
a friction latch may be made from a piece 
of stout spring which will hold the ladder 
in its lowered position until given an up- 
ward push by hand. Counterweighting 
was effected by bolting heavy iron and 
lead weights to the upper side of the ful- 
crum. Light weight ladders of this type 


may be cheaply constructed, and offer a 
safe and convenient means of access to 
difficulty situated lineshaft bearings and 
elevated valves. 

RusseEtit M. LILty. 


Pump Piston 
Rod Guard 


PERATORS will step on the side of 

pumps when checking speed of op- 
eration, and sand and dirt is wiped off the 
soles of shoes when so doing. To prevent 
dirt accumulating from this source, a 
guard was designed and applied to pumps 
in the plant of McClanahan Refineries, 
Inc., at St. Louis, Michigan. 

This guard is constructed from light 
tank roof steel, with clips welded to one 
side, made so they would fit over the 
rolled rim of the sides of the pumps. Use 
of this guard serves a double purpose; 
that of preventing dirt from being scraped 
into the drain lines in the foundations 
of the pumps, and onto the piston rods, 
and also prevents the operator from get- 
ting into such difficulites as having his 
foot caught between the rocker shaft arm 
and the pump ends. 





Pump Piston Rod Guard 
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Eliminating Pump 
Shut-downs 


RODS on the pumps handling cool- 
ing water for a battery of gas en- 
gines gave trouble almost from instal- 
lation. Due to impurities in the water, 
brass rods were specified after corro- 
sion promptly ruined the steel rods 
furnished with the units. 

Corrosion was minimized, but the 
design of the rod proved too light for 
the service, as after only a short term 
of operation the cast iron piston heads 
would work back over the shoulder on 
the brass which was supposed to af- 
ford backing for the adjusting nut, 
and a noticeable thump would occur 
each time the rod reversed direction. 


Examination of the rods showed 
that under load the narrow lip or 
shoulder had sheared off, pressure in 
one direction forcing the head. back 
onto the rod, then pulling it free, only 
to ram it on even further with the 
next reversal; literally swaging the rod 
under repeated hammer-like blows un- 
til the packing would work off the 
piston and the pump fail. 








Right: Original rod; Center: One failed 
in service; Left: next to piston head, 
built-up boss that made good. 


With a welder’s torch, brass was 
built up around the rod at the point 
where the shoulder originally stood, 
and this big boss.squared off with a 
file on the side against which the pis- 
ton was to be clamped. These built-up 
rods, costing for their repair less than 
transportation charges on new. ones, 
withstood the heavy duty demanded of 
them, and now last until the gradual 
wear at the packing ‘gland reduces the 
section there below a practical di- 
ameter. 

ELToNn STERRETT, 
Longview, Texas. 
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v SCIENCE AND TECHNOLOGY 


Abstracts prepared in co-operation with the 


REFINER AND NATURAL GASOLINE MANUFACTURER 


by 
THE LESLIE LABORATORIES 
Traver Road, Ann Arbor, Mich. 
under the supervision of 


DR. E. H. LESLIE and DR. H. B. COATS 








The abstracts here presented are selected from the current literature of science and technology to afford 
reference to fundamental information not easily available to all readers. Abstracts of articles appearing in 
readily obtainable trade journals are not included. 


Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. Complete or 
limited bibliographies covering special topics by tile, by abstract, or in complete manuscript, will also be 
prepared and furnished at reasonable cost by the Laboratories. 








Fundamental Physical Data: 


Conduction Through Transformer 
Oil at High Field Strengths. J. F. 
Guus. J. Inst. Elect. Eng., 76 (1935) 
pp. 647-55. 


The conductivity and power factor of an A-30 
transformer oil dried over calcium turnings were 
measured. Under direct stresses above 50 and 
below 300 volts per mil, the relation between 
conduction current (I) and ap, lied voltage (V) 
is given by the equation I = Vm, where m = 3 
(approximately). A minimum value of 4x 10° 
megohms per cc. was assigned to the specific 
resistance of the oil at 50 volts per mil, but at 
thigher stresses R decreases rapidly. At low 
stresses the D.C. resistance is much greater than 


the A.C. resistance, but at higher stresses the 
two approach equality. It was thought that the 
results may be explained by a theory of ioniza- 
tion by odiiieion at high stresses. 


Conductivity-Temperature Studies on 
Paraffin Waxes. W. Jackson. Trans. 
Faraday Soc. 31 (1935) pp. 827-35. 


The direct current conductivity of the several 
waxes studied had a negative temperature coeffi- 
cient over a 5° to 10°C. range, located 10° to 
15° below the melting point. It was thought that 
this is occasioned by a transition in crystalline 
structure occurring in this temperature range. 
The dielectric absorption passes through a maxi- 


mum. The apparatus used for determining con- 
ductivity, comprising a triode tube, and capable 
of measuring resistances of 10% ohms, is de- 


scribed. 
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Keeps Discharge Constant— 
Full-Speed Operation Safe 


As a close regulator of pressure 
on constant-speed pumps, the 
C-F Compressor Regulator has 
no equal. Thoroughly depend- 
able in all applications where 
such a device is needed. Excess 
discharge pressure flows through 
and is relieved with no appre- 
ciable variation in the suction 
line. Lever-type regulator is here 
shown. Spring-loaded type is also 
available and is equally sure- 
working. Ask for Bulletin No. 
130, also for catalog of Chaplin- 
Fulton Regulators. 


THE CHAPLIN-FULTON MFG. CO. 


| 28-40 Penn Avenue, Pittsburgh, Pa.. 
Use 
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Hydrocarbon Bond Additivity. V. 
Detrz. J. Chem. Physics 3 (1935) p. 436. 


Heats of hydrogenation are calculated for pro- 
pylene, 1-butene, isobutene, cis-2-butene and 
trans-2-butene. 


Molecular Latent Heats. J. D. Hur- 
FINGTON. Phil. Mag. 19 (1935) pp. 836-40. 


The author describes a quantity that is more 
nearly constant than that of Trouton’s ratio, 
This quantity is the work done in producin 
the observed decrease in volume when one mo 
of vapor is condensed at the boiling point, di- 
vided by the boiling point in absolute degrees, 
An equation to express the similarity of form 
of the fields about the different molecules at a 
point of phase-change is derived. 


Chemical Compositions and 
Reactions: 


Pyrolysis and Polymerization of 
Gaseous Paraffins and Olefins. F. W. 
SULLIVAN, Jr., R. F. RutHRurr anp W. 
E. KuentzeL. Ind, Eng. Chem. 27 (1935) 
pp. 1072-77. 


Results obtained by cracking ethane and pro- 
pane at atmospheric pressure in helical KA2S 
tubes are given. Under the best conditions about 
74 percent by volume of the ethane charged was 
converted to olefins, and the maximum yield 
from propane was 82 percent. Ethylene and 
propylene were polymerized under conditions in 
the pressure range 500 to 3000 pounds per square 
inch and in the temperature range 650°F. to 
850°F. Times of contact from 1 to 105 minutes 
were used. Based on the ethylene charged, 
liquid yields of 70 to 80 percent were obtained 
under optimum conditions, and the major por- 
tion of the liquid so made fell within the _boil- 
ing range of gasoline. 60 to 65 percent of pro- 
pylene was converted to liquid under optimum 
conditions. The data are given in detailed tab- 
ular form, and curves showing the results un- 
der different conditions are presented. 


Thermal Decomposition of n-Pentane. 


J. J. Morcan ann J. C. Munopay. Ind. 
Eng. Chem. 27 (1935) pp. 1082-86. 


The products of the thermal decomposition of 
n-pentane are hydrogen and at least six hydro- 
carbon gases. The authors studied the decompo- 
sition of n-pentane, and n-pentane diluted wi 
steam in a silica reaction chamber and without 
the presence of catalysts. At 600°C. the rate of 
decomposition of n-pentane was found to be im 
dependent of concentration over the range from 
one to one-sixth atmosphere. This indicates that 
the primary reaction is essentially one of the 
first order. Proportions of methane, propylene, 
propane, and. 1-butane, are not affected by de 
crease of partial pressure. However, the amount 
of ethane decreases and the amount of ethylene 
and hydrogen increases with decrease of pres 
sure. At higher temperatures the decrease i 
ethane and the increase in ethylene upon ¢r 
lution with steam is also marked. There is evt 
dence of the formation of 1,3-butadiene and 0 
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LICENSES granted unde, 
United States and Foreign 
Patents for: Cross ¢ de 
Florez ¢« Holmes-Manley e 
Tube and Tank Cracking 
Processes and Combination 
Cracking Units. 


Licensing Agents: 
The M. W. KELLOGG CO. 
225 Broadway - New York 

or its 
European Representative: 
Compagnie Technique des 
Petroles : 134 Boulevard 
Haussmann ° Paris, France 
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@ A constantly increasing number of refiners recognize the prac- 
tical economic advantages of an association with a licensing organi- 
zation whose service is comprehensive enough to meet changing 
economic conditions. Gasoline Products Company. has achieved 
worldwide recognition through applying to refiners’ problems the 
principles of integrated and progressive developments, together with 
the option to commute royalties for any desired annual gasoline 
capacity. 


@ By coordinating its own developments with those of other major 
refining organizations, Gasoline Products Company is in a position 
to furnish combination cracking units incorporating the latest de- 
signs, methods and equipment. These combination cracking units 
enable the refiner to meet his individual requirements under a license 
permitting a maximum of operating freedom. 
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rawn to illustrate an actual 
experience told at right. 


Trapped By Fire 
HE FOUGHT HIS WAY 


FREE WITH LUX 


He was checking equipment in a cen- 
trifuge room when the flames roared up. 
A spark had ignited spilled oil from a de- 
fective pump. A sheet of flame blocked the 
way to the door, to the switch that would 
stop the motor which was still pumping oil 
to feed the advancing blaze. It looked like 
sure death to him. He knew all about 


running-oil fires. 


Lucky for him there was a LUX Lightweight 
Extinguisher on the wall a few feet away. 
With it he started his fight to safety be- 
hind a barrage of LUX carbon-dioxide gas 
... Two minutes later he had cut the pump 
switch and thrown open the door. And in- 
side that room there was no trace of fire! 
The LUX Lightweight had snuffed it out. 


Imagine the thrill that chilled the spines of 
the rlant managers when the fire report 
reached their desks .. . the thrill of satis- 
faction of knowing that a human life and 
thousands of dollars in equipment had de- 
pended on their having the right fire ex- 
tinguisher hanging on that wall at the 
crucial time ... and at knowing that their 
choice, LUX, had come through brilliantly. 


If your life de- 
pended on it what 








This oil refinery worker actually faced 
death armed with a LUX Lightweight 
Extinguisher . . . And won, hands down. 





extinguisher would 


you pick to fight a L 2 a 
blazing oil fire?. . . Sa, 
LUX engineers are gs y Up 
competent to help j Y 
you in the solution 2 ¢ 
of any fire protec- WG 

tion problem. Life 














and property may 
depend on your 
contacting 


Walter Kidde & Company 


23 West Street 





Bloomfield, N. J. 


FOR ALL ELECTRICAL AND FLAMMABLE LIQUID FIRES 





acetylene at temperatures of 700° to 800°C, 
Dilution with steam appears to favor the for. 
mation of acetylene. 


Some Thermal Reactions of Hydro. 
carbon Gases. F. I. L. LAwrence. Jour. 
Inst. Pet. Tech., 21 (1935) pp. 790-815. 


The author reviews and discusses the liter. 
ature of the thermal reactions of hydrocarbon 
gases containing two to four of carbon atoms, 
The thermal decomposition of paraffins and ole. 
fins is considered both empirically and theoret- 
ically. The breaking of the carbon-carbon bond 
at almost every conceivable place appears pos- 
sible, as well as dehydrogenation to the corre- 
sponding olefin. The formation of polymers, or 
other liquid reaction products, at elevated tem- 
peratures is considered. Liquid yields up to 25 
percent by weight have been obtained by the 
thermal decomposition of paraffins, and up to 40 
percent by weight from olefins. The ultimate 
practical yield that can be obtained from a gas 
comprising 50. percent olefins and 50 percent 
paraffins appears to be of the order of 50 per- 
cent by weight of liquid products. The thermal 
reaction of hydrogen with hydrocarbons appears 
to be a direct factor in the lowering of the ulti- 
mate yield of liquid products. Some surfaces, 
such as iron, nickel, and graphitic carbon, pro- 
mote decomposition of the gaseous hydrocarbons 
into their elements either directly or indirectly. 
A bibliography of 101 references is appended. 


High-Temperature Pyrolysis of 
Gaseous Paraffin Hydrocarbons. H. 
TropscH AND G. Ectiorr, Ind. Eng. Chem. 
27 (1935) pp. 1603-67. 


At 1400°C. and 50 mm. pressure methane re- 
quired 10 to 20 percent longer contact time 
than ethane and propane to obtain maximum 
yields of acetylene. At 1100°C. and 50 mm. 
pressure, with a contact time of 0.0035 seconds, 
ethane gave a maximum yield of 66 liters of 
ethylene per 100 liters of ethane. At 1400°C. 
substantially the same yield was obtained with 
a contact time of 0.0004 seconds. At 1100° the 
maximum yield of acetylene was 10 liters, while 
at 1400°C. 53 liters was obtained. Propylene 
was formed in the amount of 8 and 5 liters 
respectively, at 1100°C and 1400°C. At 1100°C. 
and 50 mm. pressure with a contact time of 
0.008 seconds, propane gave a maximum yield 
of ethylene of 69 liters. At 1400°C. the maxi- 
mum ethylene yield was 72 liters per 100 liters 
of propane, with a contact time of 0.005 sec- 
onds. The maximum yield of propylene was 15 
liters. Acetylene yield was 25 liters per 100 
liters of propane at 1100°C., and 76 liters at 
1400°C. At 1100°C. and a _ contact time of 
0.0035 seconds, n-butane yielded 94 aters of 
ethylene. The maximum acetylene yield was 
30 liters, and propylene yield 22 liters per 100 
liters of n-butane charge. Data are also given 
for isobutane. 


Cracking and Polymerization of Low 
Molecular Weight Hydrocarbons. P. 
K. Frotich anp P. J. Wrezevicu. Ind. 
Eng. Chem. 27 (1935) pp. 1055-62. 


The thermal decomposition of methane, ethane, 
propane, n-butane, the corresponding olefins, and 
acetylene is discussed from the viewpoint of 
maximum olefin and liquid fuel production. The 
thermodynamic ‘stability of the various hydro- 
carbons is reviewed. Under commercial condi- 
tions the cracking of a hydrocarbon to smaller 
molecules is for practical purposes a non-re- 
versible process. However, reactions involving 
only liberation of hydrogen are of the reversible 
type. In the paraffins the carbon-hydrogen bond 
is stronger than the carbon-carbon bond so that 
the tendency to crack is generally greater than 
the tendency to dehydrogenate. Processes based 
on simultaneous cracking and polymerization, on 
a two-step process involving cracking at atmos- 
pheric pressure followed by polymerization at 
higher pressure, and a two-step process with in- 
termediate hydrogen removal, are discussed. Re- 
moval of hydrogen increased the yield of liquid 
products approximately fourfold. The polymeriza- 
tion of olefins is reviewed. Numerous catalysts 
have been employed. An advantageous method 
of operation comprises polymerizing the cracked 
gas catalytically to convert most of the olefins 
to polymers and then cracking the residual gas 
at a temperature higher than the previous crack- 
ing temperature to convert the most resistant 
paraffinic hydrocarbons into olefins. A bibliog- 
raphy of eighty references is appended. 


Catalytic Polymerization of Gaseous 
Olefins by Liquid Phosphoric Acid. I. 
Propylene. V. N. Ipvatierr. Ind. Eng. 
Chem. 27 (1935) pp. 1067-69. 

Liquid phosphoric acid is an effective catalyst 


for the polymerization of propylene. Its catalytic 
activity is based upon its ability to form esters 
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Another 
SHOP - FABRICATED UNIT GOES ON STEAM 
1000 BARRELS 
53% Gasoline . . . 92% Total Off 
Sharp Cuts . . . . . . Specification 
er. oe . Eepeiet. ...:. Color 
PERFECTLY BALANCED, ASME CODE, QUALITY EQUIPMENT 


GUARANTEED AND MANUFACTURED BY 


VULCAN STEEL TANK CORP. 


PROCESS ENGINEERS AND FABRICATORS 
Tulsa, Oklahoma 




















ROTO TUBE CLEANERS 
built for Oil Still Tubes, 3” I.D. and up 





Universal Joint. 


Roto Combination Head and 
Universal Joint. 


THE ROTO COMPANY 


Sussex Avenue and Newark St., Newark, N. J. 


Roto Special 6-wey Drill Head and 








with the olefins. The ester molecules presuym. 
a | react with each other to produce polymers, 
and regenerate phosphoric acid, or to liberate 
activated olefin molecules which react with mole. 
cules of esters or other molecules of olefins to 
produce polymers and_ regenerate phosphoric 
acid. Olefins react with phosphoric acid at tre. 
Pang | low temperatures; for example, 200°C. 
for ethylene, 125°C. for propylene. nder mild 
conditions, such as 135 to 200°C., and at 1 to 
15 atmospheres pressure, propylene polymerizes 
to a liquid consisting almost entirely of mono. 
olefins. The liquid polymer distills almost en. 
tirely from 40° to 230°C. and is presumably of 
isostructure. Under more severe conditions the 
reaction of polymerization is followed by other 
reactions, and the liquid ang contains not 
only olefins but also naphthenes, aromatics and 
paraffins, Propylene is polymerized more rapid. 
ly by acids that have previously been used for 
polymerizing butylenes than by fresh acids, 
Also, the presence of butylene in propylene has. 
tens the polymerization of the propylene. 


Catalytic Polymerization of Gaseous 
Olefins by Liquid Phosphoric Acid. II. 
Butylenes. V. N. IpatieEFF AND B. B, 
Corson. Ind. Eng. Chem. 27 (1935) pp. 
1069-71. 


Butylenes are polymerized by phosphoric acid, 
The mechanism is assumed to be the same as 
that for the polymerization of propylene. The 
speed of polymerization of butylenes is greater 
than that of propylenes, the rates increasing in 
the following order: propylene, c-butylene, 
B-butylene, isobutylene. entle polymerizing 
conditions favor the production of simple poly- 
mer mixtures. A mixture of iso- and n-butylenes 
polymerizes at lower temperature and with lower 
acid concentration than the n-butylenes alone. 
The apparatus used is described and tabular data 
and curves of results are given. 


Reaction of Paraffins with Olefins, 
V. N. IpatierF AND A. V. Grosse. Jour. 
Am. Chem. Soc. 57 (1935) pp. 1616-21. 


The authors note that they have found that 
different classes of hydrocarbons, such as the 
paraffins, naphthenes, aromatics and olefins, in 
the presence of specific catalysts, react among 
themselves with much greater ease than has been 
sidered possible heretofore. In these reactions 
metallic halides have proved effective. Prac. 
tically the only known reaction between hydro- 
carbons that went smoothly and quantitatively 
was Balsohn’s alkylation oF aromatic hydrocar- 
bons with olefins, with aluminum chloride as the 
catalyst. A number of similar reactions have 
been studied and will be discussed in a series 
of papers. The present paper deals with the 
reaction of paraffins with olefins. A typical ex- 
ample is the reaction of isobutane with ethylene 
to form the hexane, 2,2-dimethylbutane. All of 
the paraffins alkylated so far, with the catalyst 
described, contain a tertiary carbon atom. At- 
tempts to alkylate n-paraffins, as for example 
n-pentane, with a Boron fluoride catalyst, have 
not been successful. n-paraffins, with the ex- 
ception of ethane and methane, can be alkylated 
in the presence of aluminum, zirconium and 
other metal halides. 


The Polymerization and Hydrogena- 
tion of Acetylene. H. A. TAYLOR AND 
A. Van Hook. J. Phys. Chem. 39 (1935) 
pp. 811-19. 


When C:H2 is polymerized at 495-535°C, the 
reaction is accompanied by some decomposition, 
even when a seasoned tube is used. The bi- 
molecular velocity constant at 788°K. is 0.50 
litres per mole-second, compared with 1.33 cal- 
culated by the collision theory. By the static 
method with extrapolation to zero time and in- 
finite pressure, E = 40,500 calories. 


The Specific Refraction and Other 
Constants in Connection With the 
Destruction of Mineral Oils. H. L 
WATERMAN. Jour. Inst. Pet. Tech., 21 
(1935) pp. 816-24. 


The principal purpose of the investigation was 
to study changes in the cyclic character of an 
oil at high temperature (435°C.), under ’ 
hydrogen pressure (initial pressure 100 kg/cm.’), 
without a cataylst. and in the presence of hy 
drogenation ‘catalysts such as nickel and moly 
denum. It was of particular interest to compare 
the behavior of an oil rich in aromatic com- 
pounds with ‘that of an oil rich in naphthenes. 
Therefore a Borneo lubricating oil fraction was 
separated into extract and raffinate by, means 
of liquid sulphur dioxide. The results indicate 
that the destructive hydrogeneration of the re 
fined product always causes a decrease in mol 
ecular weight. The experiments proved that un- 
der the given conditions there was practically n0 
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Goulds Hydroil oil yw ga e with G-E motor and control, 
at pipe-line station. G-E Type direct-current motor, with top-half 
cover, in the background 


-E irrel inducti t drivi: m, installed in oil 
Ee ee ee ee ee 1. Designed to meet the conditions of 


the oil industry. 


2. Long life and economical operation. 


3. Motors backed by many years of 


manufacturing experience. 


4. Quick service assured at all times by 





G-E squirrel cage induction motors direct-coupled to gasoline pumps 


in ethyl-mixing plant our nation-wide distribution facilities. 


The illustrations show important installations 





which are completely G-E driven and 
controlled. 


General Electric supplies complete equipment 
to the oil industry—motors ofall types; power 
and distribution transformers of various 





G- m saaetion motors driving single and multistage centrifugal pumps capaCities; Glyptal cable that is impervious to 
in oil refinery ° . 
greases and oils; generators for Diesel 
engines; turbine-generator sets; and a wide 


variety of time- and labor-saving devices. 








he 

‘ Further information may be obtained from 
any G-E sales office, or from the General 

"an Electric Company, Schenectady, N. Y. 

5, 

4 

- G-E induction motors direct-coupled to multistage centrifugal pumps 

es 020-215 

‘| GENERAL 6) ELECTRIC 
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GASOLINE 


HEN gasoline is withdrawn from a tank 

it oftentimes has very different proper- 
ties than it had when it was put in storage. Care- 
ful checks have repeatedly shown that gasoline 
stored in an ordinary cone roof tank loses ap- 
proximately one pound per square inch of vapor 
pressure every three months. This loss reduces the 
anti-knock rating and makes it a slower starting fuel. 


Anti-knock and quick starting 
qualities in gasoline are so im- 
portant to the consumer and cost 
so much to produce that obvious- 
ly no one wants to lose them 
through evaporation. This now 
has been made unnecessary by 
the development of a new low- 
pressure Hortonspheroid which 
provides economical storage in 
relatively large units. A number 
of installations have been made 
with capacities ranging from 40,- 
000 to 80,000 barrels and larger 
sizes can be furnished. 

For most climatic conditions 
an internal pressure of 21% lbs. 

per square inch is adequate to 
stop practically all evapora- 
tion loss from ordinary mo- 
tor fuel. By equipping a 
Hortonspheroid with a re- 
cording gauge, a continu- 
ous and positive check 
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CHICAGO BRIDGE & IRON WORKS 


Dallas 1241 Dallas Athletic Club Bldg. 


eres 2919 Main Street New York... . 3147-165 Broadway Bldg. 
eee 1606 Thompson Bldg. Philadelphia. 1615-1700 Walnut St. Bldg. 
Birmingham. . .1536 North 50th Street Boston... .1517 Consolidated Gas Bldg. 
Chicago ae kd 2463 Old Colony Bldg. San Francisco....... 1054 Rialto Bldg. 
EATS 1514 Lafayette Bldg. Los Angeles...... 1423 Wm. Fox Bldg. 


ei 
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on the quality of 
the gasoline in stor- 
age can be kept. 

In addition to stop- 
ping evaporation loss, the 
Hortonspheroid reduces 
the fire hazard by preventing 
the escape of vapor to the at- 
mosphere. These advantages are 
obtained at no extra cost, for the 
volumetric saving in evaporation 
will quickly pay for a Horton- 
spheriod, leaving the maintain- 
ing of the quality of the gasoline 
and the greater security against 
fire as clear gains. 

Ask our nearest office for esti- 
mates on Hortonspheroids for 
gasoline storage. If you will give 
us the desired capacity, climatic 
conditions and characteristics of 
the gasoline we will quote the 
proper design and pressure to 
suit your needs. 


Cleveland...... 2204 Rockefeller Bldg. 


Fabricating plants in 
CHICAGO, BIRMINGHAM 
and GREENVILLE, PA.-° 








change in the total amount of rings in the prod. 
uct. Only in the case of the use of nickel as 
catalyst is there a small loss in number of rings, 
The results for the refined product and also for 
the extract indicate a regular destruction of 
molecules in which the molecules have been 
split into analogous parts. This may be con. 
sidered a depolymerizing action. 


Organic Reactions With Boron 
Fluoride. X. Condensation of Propylene 
With Aromatic Hydrocarbons. S. J. 
SLANINA, F. J. Sowa anv J. A. Nievuw- 
LAND. Jour. Am. Chem. Soc. 57 (1935) 
pp. 1547-49. 


Boron fluoride has been shown to function 
favorably as a catalytic agent in the condensa- 
tion of olefins with phenols and acids. In this 
previous work by the author and his associates 
it was noted that whenever benzene was used 
as a solvent in condensations with propylene, 
appreciable quantities of a product boiling around 
152°C. was isolated. This product proved to be 
cumene, and its presence could be accounted 
for by considering the overall reaction as a di- 
rect condensation of propylene with benzene, 
catalyzed by boron fluoride. A_ study of this 
reaction and similar reactions was_ therefore 
made, a report on which is given in the present 
paper. Mono-, di-, tri-, and tetraisopropyl deriv- 
atives of benzene have been prepared by the 
condensation of propylene with benzene. Acidity 
has a great influence on the rate of condensa- 
tion and is directly proportional to the acidity 
of the catalyst carrier. Aluminum chloride pro- 
motes the formation of m-diisopropylbenzene, 
whereas boron fluoride gives p-diisopropylben- 
zene. 


The Reaction Between Sulfur Di- 
oxide and Olefins. II. Propylene. M. 
Hunt AND C. S. MarveL. Jour. Am. 
Chem. Soc. 57 (1935) pp. 1691-96. 


Sulfur dioxide and propylene combine to give 
a product (CsHeSO2)n which differs markedly 
in physical and chemical properties from the 
polysulfone which has been obtained from cyclo- 
hexene and sulfur dioxide. The propylene de- 
rivative is unusual in that it is insoluble in all 
organic solvents and is soluble in dilute aqueous 
alkalies; but is easily decomposed by the alkalies 
to yield fairly simple products. The experimen- 
tal work is described and the reactions of the 
various products discussed. 


Acidic Constituents of a West Texas 
Pressure Distillate. M. WILLIAMS AND 
G. H. Ricuter. Jour. Am. Chem. Soc. 57 
(1935) pp. 1686-88. 


The object of the work described in this 
paper was the determination of the type of 
acids present in a Texas naphthenic acid frac- 
tion. A sample of commercial naphthenic acids 
from the alkali wash of a cracked pressure dis- 
tillate was furnished by a local refinery. The 
charge to the cracking still was the gas oil frac- 
tion of a West Texas crude. The experimental 
work done is described. Commercial naphthenic 
acids from this pressure distillate were shown 
to consist in large part of phenolic components. 
Among the compounds isolated and_ identified 
were: ethyl mercaptan, phenol, o-cresol, m-cresol, 
p-cresol, 1,3,5-xylenol, 1,4,2-xylenol, isovaleric 
acid n-heptylic acid, n-octylic acid and n-nonylic 
acid. These results do not agree with those of 
earlier investigators who reported the finding of 
the cyclic compounds exclusively. 


Manufacture: 
Processes and Plant 


Polymerization, a New Source of 
Gasoline. V. N. Ipatierr, B. B. Corson 
AND G. Ectorr. Ind. Eng. Chem. 27 
(1935) pp. 1077-81. 


The catalytic process of the Universal Oil 
Products Company for the production of gas 
oline from olefins in cracked gas is described. 
A plant capable of processing 3 million cubic 
feet of gas per day ae been built, and at the 
time of writing the article had been operated 
continuously for twenty-three days producing 
313,000 gallons of 81l-octane gasoline from 58,- 
000,000 cubic feet of gas, the propylene-butylene 
content of which was 27.4 percent. The poten- 
tial production of polymer gasoline from the re- 
finery gas of the country is approximately 1 bil- 
lion gallons per year. The total gasoline pro- 
duction of the country is slightly — than 18 
billion gallons. The catalyst used in this process 
operates under mild conditions, such as 446°F. 
and 200 pounds pressure. It is a granular solid 
that is not poisoned by carbon monoxide, hydro- 
gen sulfide, mercaptans, or other components 0 
refinery gases. However, the catalyst loses :ts 
activity with continued use, but can be regen- 
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THE LARGEST PIPE STILL EVER BUILT 


With towers 25’ and 20’ in diameter, this two-stage 
atmospheric and vacuum type pipe still will handle 
in excess of 35,000 bbls. of crude oil a day—an all- 


time record for equipment of this kind. 


The economy: of large size combination refining 
units is impressively illustrated by the low cost per 


barrel of the products of this plant. 


The entire plant was designed and fabricated for 


installation in Iran by Alco. 














DIVISION OF AMERICAN LOCOMOTIVE COMPANY 








220 EAST 42nd ST. f LL ww 3: YORE, N. Y. 


CABLE ADDRESS: LONDON OFFICE: 
“ALPRODUCTS”—NEW YORK PR D ; } cr 25 VICTORIA STREET 
“ALPRODUCTS”—LONDON INC. LONDON, S. W, I. ENGLAND 


LICENSING AGENTS, for Gyro Vapor Phase Cracking, Gray Process Clay Treating, and Stratford Acid Treating System. 
ENGINEERING, DESIGN, FABRICATION, ERECTION of Gyro Vapor Phase Cracking Plants, Atmospheric and Vacuum Distillation 
Units, Tube Stills, Fractionating Towers, Treating Plants, Gasoline Absorption, Stabilizing and Debutanizing Plants, 


Fluor Cooling Towers, and all types of Heat Exchange Equipment. 
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call if 


the “GOLDEN TORNADO” 


and the driving sweep across the field of this famous 
Southern football team well deserved the name... 
Even more irresistible is the drive of a Lagonda 
Cleaner down a still tube—but with this difference— 
there are no “first downs”, no time out, until the 
goal is reached. For speed as well as irresistible 
power to buck coke deposits, is a feature of these 
outstanding tube cleaners. New motors, new cutter 
heads, and a background of long experience, make 


LAGONDA 


TUBE CLEANERS 


long - odds favorites 
wherever the job is 
hardest and the go- 
ing is tough. 
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erated to its original activity so that the time 
efficiency is over percent. Regeneration 
comprises removing high-polymer hydrocarbons 
or carbonaceous material from the catalyst by 
air oxidation. It is accomplished in situ. Cracked 
gases containing 17.6, 37.5, 43.1 and 69.7 per. 
cent propylene and butylene gave gasoline yields 
respectively of 3.3, 6.0, 6.8 and 10.9 gallons 
per one thousand cubic feet. The commercia] 
plant gives a yield of more than 5 gallons per 
one thousand cubic feet of cracked gas. Data 
are presented in tabular and graphical form. 


New Reagents in the Petroleum In- 
dustry. Naphthalene as a Dewaxing 
Agent and Cresol as a Selective Solvent, 
ee Przemyst Chem. 18 (1934) pp, 


Wax containing oil diluted with a_ solvent 
naphtha was treated by dissolving naphthalene 
therein and cooling to crystallize the naphtha. 
lene to yield a fiiterable mass retaining the 
wax. Cresol was also used in place of naphtha, 
Upon cooling two layers are formed: Wax is 
present in the upper layer only. In an alterna. 
tive procedure, alcohol was added to the cresol- 
petroleum oil solution, whereupon the fractions 
separated in the order of their selubility in 
cresol. 


Refining of Paraffin by Means of 
Ferric Sulfate. Z. Z. BrrucHowskI Anp 
R. Doprowotsxit. Przemyst Chem. 18 
(1934) pp. 309-13. 


Paraffin of 50-52°C. boiling point was heated 
at 135-8°C. with ferric sulfate for a period of 
three hours. The oil was then filtered and 
treated with diatomaceous earth and sodium 
carbonate. The process was then repeated with 
smaller quantities, and a colorless, odorless prod- 
uct obtained. This method of treatment, it is 
claimed, presents many advantages over the 
usual treatment with sulphuric acid. 


Steel Embrittlement. H. VoLiprecur 
AND E. Dittricw. Chem. Fabr. (1935) p. 
193. 


The embrittlement of steels at high pressure 
and temperature through the action of hydro- 
gen and hydrogen sulphide was studied with 
the result that it was concluded that hydrogen 
corrosion is more serious than that caused by 
hydrogen sulphide. Apparently the sulphides 
formed effect protection against attack by hy- 
drogen. 


Products: 
Properties and Utilization 


The Vapor Pressures of Liquid Fuels. 
J. VerpreR AND L. Hurev. J. Usines Gaz 
59 (1935) pp. 35-41. 


Vapor pressures were determined in an ap- 
paratus similar to the A.S.T.M. apparatus at 
air to liquid ratios from 10 to 10,000, and tem- 
peratures from 16° to 0°C. The volume of 
liquid used in these experiments was varied; 
curves are given for vapor pressure vs. volume 
of liquid. When pure substances are used these 
curves are constant as soon as the gas is satu- 
rated with vapor. When fuel mixtures are used 
the constant values of vapor pressure are not 
obtained unless large amounts of liquid are used. 
Gasoline-alcohol mixtures have lower vapor pres- 
sures at high concentration, and higher vapor 
pressures at low vapor concentration than gas- 
oline. This is also true of gasoline-benzene 
mixtures. Studies were made of various ternary 
solutions of gasoline, alcohol and benzene. The 
conclusion was reached that for ease of starting 
ternary mixtures are favorable. 


Ethyl. F. R. Banks. J. Roy. Aeronaut 
Soc. 38 (1934) pp. 309-72. 


The author concludes that supremacy in the 
air will be had by the nation that develops en- 
gines that use high anti-knock fuels to the full- 
est extent. PbEts is an essential component of 
such fuels. When using mixtures high in_ben- 
zene the temperature of the cylinder head and 
the exhaust gas rises, but this does not occur 
with ethylized gasolines. Airplane-engine de- 
velopment is discussed at length, as well as the 
effect of leaded fuels. 


Rapid Determination of Gum in Gas- 
oline. P. Wooc, J. GivAnpon AnD A. 
CuMeE.ewsky. Rev. Petrolifere 635 (1935) 
p. 757. 


A method for the determination of gum in gas- 
oline that has been previously described was 
simplified so that routine tests can be com- 
pleted in one and one-quarter hours. The method 
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‘Ks 3 HEN low temperatures make heat- 
= | eahanint diese dail : . ing coils in oil storage tanks neces- 
rare. zy 3 sary, an air or water bound coil can 
ty y bs cause no little trouble and delay in re- 
"hy. <a Coit = < finery operations. 
~ Because most of these oil tanks are 

i Armstrong Steam Trap : BE: heated with exhaust steam at compara- 
. ea ; | Bs tively low pressures it is doubly impor- 
Fe s ~~ Le o Long tote eS tant that efficient steam traps be installed 
mae * p Concrete Box lee — 96 — or on the coils. The low pressure will not 
i : force the condensate through a sluggish, 
on S dirt-clogged trap. 
et ge a: aes For this reason, refineries are de- 
‘ for a Be es manding that oil tank heating coils be 
net Baz equipped with dependable Armstrong Traps. All condensate and 
res air are quickly and thoroughly drained as soon as steam pressure 
a comes on. The advantages of Armstrong Inverted Bucket Traps, 
he their reliability under all service conditions—large capacity and 
7 self-scrubbing features that keep them clean at all times, all recom- 
ut mend them especially for this purpose. 
eS Try Armstrong Traps in some of your “tough spots’”’ and watch 
‘i their performance. We will send any number, postpaid on 90 days 
= free trial. Just tell us the service and steam pressure on which 
cr they will be used. 
he 
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- ARMSTRONG MACHINE WORKS 
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comprises the separation of the gum, and the 
titration. 100 cc. of the sample is distilled in 
an Engler flask on an oil bath at 160°C., first 
at ordinary pressure for fifteen minutes, and 
then under vacuum. Total time for distillation 
and for drying under vacuum is forty minutes. 
Gum is dissolved in 15 cc. CCl« and titrated 
with KI solution and N-thiosulphate after the 
addition of sulphuric acid and potassium per- 
manganate. The method can also be. applied to 
the accelerated aging test. 





Electrically Driven Centrifuges 
Hand Centrifuges 
WRITE 


WILLIAMS, BROWN & EARLE, Inc. 


Manufacturers of Laboratory Apparatus 
918 Chestnut St. Philadelphia, Pa. 











Artificial Ageing of Lubricating Oils. 
S. Facuint AND F. Sporer. Petr. Zeit. 31 
er? p. 23; Motorenbetrieb 8 (1935) 


_Sludge formations from 
discussed. It is attributable to oxidation, con- 
densation and polymerization under the in- 
fluence of heat, air, and time. Oils were aged 
in the laboratory by heating in a standard por- 
celain dish at atmospheric pressure and at 150°C. 
for 15 hours or more. After the heating the oil 
was cooled and dissolved in petroleum ether and 
the insoluble residue filtered and weighed. The 
point at which sludge first separates is character- 
istic of the oil and varies from 15 to 150 hours. 
Oils are classified into four groups in accord- 
ance with the time required for sludge forma- 
tion and the nature of the process of sludge 
formation. 


Pitch Coke and Petroleum Coke. 
Anon. Engineering, 139 (1935) pp. 585-6. 


Petroleum cokes are of two types, the older 
being from coking stills and the newer from 


lubricating oils is 
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cracking operations. The former is a hard brit- 
tle material with a carbon content correspond- 
ing to CiooHe. This coke ‘is one of the purest 
industrial forms of carbon. The ash content ts 
low. Cracking still coke is now of greater im- 
portance. Its composition varies with that of the 
oil used from 94.6 to 87.15% fixed carbon, 0,36 
to 4.18% sulphur, and 3.75 to 12.28% volatile 
matter, when made from Kentucky and Arkansas 
fuel oils respectively. The coke is always of 4 
honeycomb structure and is brittle. In Germany 
pitch coke is preferred by electrode manufac. 
turers because of its uniform quality. It is made 
by the coking of coal-tar pitch in cast-iron re. 
torts. 


The Effect of Heavy Oils and Greases 
on the Fatigue Strength of Steel Wire. 
R. Goopacre. Engineering 139 (1935) pp. 
457-58. 

The MHaigh-Robinson fatigue-testing machine 
was used to examine twelve oils, all containing 
a bitumen base. Four also contained fillers, two 
of which were fibrous. Oils and greases in. 
creased the limiting fatigue strength of the wire, 
presumably by excluding oxygen, which js 
known to have an important effect in corrosion 
fatigue. Small surface imperfections are filled, 
thereby avoiding concentration of stress. The 
more viscous the oil, the more are fatigue prop- 
erties improved until a limiting viscosity is 
reached. Maximum fatigue strength is greater 
with oils containing fillers, and occurs at higher 
viscosity. When polished wires were used the 
effect of viscosity was less, and fillers had no 
effect. At stresses higher than the limiting fa- 
tigue strength, oils were beneficial both on pol- 
ished wire and wire as drawn. 


Protective Action of Bituminous 
Paints Against Corrosive Liquids. C. 
R. PLatzMANn. Bitumen, 5 (1935) pp. 
61-62. 

Quality of bituminous paints depends upon 
the properties of the bitumen and the amount 
and nature of the solvent. The fact that the 
finished coating has a high gloss is no criterion 
of high quality. High melting point bitumen 
prepared by high vacuum distillation, is not as 
valuable for the making of paint as the blown 
bitumen, The thinner used should be free from 
acids and phenols. Tests were made over a pe- 
riod of two and a half years, and bituminous 
-eoatings were found to be resistant to 10% 
solutions of sodium and magnesium sulphates, 
me susceptible to the action of dilute sulphuric 
‘acid. 


Apparatus for the Study of Liquid- 
.Vapor Equilibrium Compositions. R. 
M. Wirey anv E. H. Harper. Ind. Eng. 
Chem., Anal. Ed., 7 (1935) pp. 349-50. 


An apparatus is described that is believed to 
have considerable advantage in speed, simplicity, 
and convenience over devices previously used 
for the purpose of obtaining samples of liquid 
and vapor in equilibrium. The apparatus is de- 
scribed, and a typical set of data for the liquid- 
vapor system ethyl alcohol-water is presented. 


Apparatus for Measuring the Boiling 
Points of Lubricating Oils and other 
Compounds of High Molecular Weight 
at Reduced Pressures. S. T. Scuick- 
TANZ. J. Research Natl. Bur. Standards 
14 (1935) pp. 685-92. 


For the accurate determination of boiling 
points of lubricating oils and other compounds 
of high molecular weight, the author uses an 
apparatus in which three thermocouples are po- 
sitioned at different heights in the vapor column. 
If the substance is pure, the couples give iden- 
tical readings, and if impure the differences in 
the readings are an indication of the purity. 
Data are given for such substances as di-Buph- 
thalate, and for mixtures of this with tri-o- 
tolyl phosphate, and also for 2 lubricating-oil 
fractions as secured from successive distillations. 


A Rapid Precision Viscometer. 0. 
Firzstmons. Ind. Eng. Chem., Anal. Ed., 
7 (1935) pp. 345-7. 


The accuracy of the Saybolt viscometer is 
compared theoretically with viscometers the ef- 
flux time of which is linear with viscosity. The 
possible errors resulting from the use of data 
taken with the Saybolt instrument in determining 
the viscosity index of light oils are discussed. 
The Ubbelohde capillary viscometer has been 
modified by the use of duel capillaries and by 
mounting the whole assembly in a vapor bath. 
Data can be more rapidly secured than by 
means of the Saybolt instrument, and the_pro- 
cedure has the accuracy inherent in capillary 
viscometers. The degree of accuracy is at pres- 
ent limited by the viscosity standards available. 
Checks on the same instrument to better than 
0.1 percent are attainable. The instrument re- 
quires a small sample, 12 cc. being sufficient for 
a determination. 
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New Equipment for the Modern Plant 





Hatch Latch 


ENARDO MANUFACTURING 
COMPANY 


Enardo Manufacturing Company, 
Tulsa, has announced a “step-on” 
spring bail which serves as an auto- 
matic latch in connection with the full 
line of thief-hatches made by the com- 
pany. Hatches are furnished with or 
without bail. Eight models of hatches 
are offered in all-aluminum and eight 
in gray iron. The models include a 
round hatch and a long hatch, both 
made in the two-inch base and the 10- 
inch base, and both with and without 
the automatic latch “step-on” spring 
bail. 

A felt backed, gasoline and oil proof 
cork fibre gasket is used on all models 
and is so arranged that ice and dirt 
will not gather on it, thus preventing 
its proper function. The eight all- 
aluminum models will not spark when 
struck by metal and form a safety pre- 
caution against the hazard of fire. Also 
the tall 10-inch model eliminates the 
necessity of installing an iron collar on 
water-seal tanks. 

The thief-hatch opening on the round 
model is eight inches in diameter and 
the long model is 7% by 17% inches. 
Special interest has been manifested in 
the models with the “step-on” spring 
bail, the manufacturer claims. It elimi- 
nates much of the danger of getting 


the head too close to the opening and 
breathing fumes from the tank. When 
the lid is flipped over it latches in an 
automatic fashion. It may also be 
opened by the foot. 


Pre-Coat Filter 
OLIVER UNITED FILTERS, INC. 


Oliver United Filters, Inc., 33 West 
Forty-Second Street, New York, has 
perfected and placed on the market a 
new pre-coat filter with special applica- 
tion to refinery work. 

Clarification of fuel oils and contin- 
uous contact filtration is effected by 
the Oliver pre-coat filter. This opera- 
tion is said to be unique in that a 
totally clean filter surface is exposed 
with each revolution of the drum. This 
drum is coated with a heavy homo- 
geneous layer of filter aid and rotates 
in the material to be clarified. Vac- 
uum applies as on the standard Oliver, 
causes the liquor to be drawn through 
the heavy layer of filter aid, the solids 
being deposited on the outer surface. 
This deposit together with a very thin 
layer of filter aid is continually re- 
moved by a special mechanism, thus 
presenting a fresh surface for rapid fil- 
tration. High rates are maintained over 
long periods and in addition emulsions 
can be broken and remarkable separa- 
tion of colloids secured, the manufac- 
turers state. 











and Diesel fuels. 


3301 Buffalo Drive 





Complete in Two Volumes 





The Principles of Motor Fuel 
Preparation and Application 
By ALFRED W. NASH and DONALD A. HOWES 


An exhaustive treatise covering in the first volume 
the production of motor fuels by distillation, 
cracking, extraction from natural gas and hydro- 

genation, and of benzole and various synthetic 
fuels (including alcohol), and general storage and 
distribution. Volume II analyzes the properties of 
motor fuels—sulphur contents, gumming proper- 
ties, volatility requirements and knock ratings, 
and gives motor fuel and aviation spirit specifica- 
tions and a chapter on automotive Diesel engines 


$8.00 Per Volume — Send check to 
THE GULF PUBLISHING COMPANY 


Houston, Texas 
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Water Cooling Cheaper 


Marley patented spray nozzles provide a finer, 
more uniform spray and operate efficiently under 
low pressures. They lead the field in sales because 
buyers know these advantages mean more efficient 
and more economical water cooling. Write for de- 


The Marley Company, 1915 Walnut, Kansas City, Mo. 


MARLEY 
PATENTED SPRAY NOZZLES 


Control Valves 
LAMMERT & MANN COMPANY 


Lammert & Mann Company, 264 N. 
Wood Street, Chicago, announces a 
line of control or automatic shut-off 





Lammert & Mann Control Valve 


valves, which are made in standard 
sizes from-% inch up. The control or 
automatic shut-off valve is said to em- 
body new features and refinements 
such as few parts, compactness, large 
capacity, simple design and construc- 
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tion, interchangeable elements for air 
control, steam pressure control, water 
pressure control or electrical control. 
Any of these controls is connected by 
merely screwing it into the standard 
valve-body mechanism. The valves can 
be adopted to automatic operation, to 
remote control or to automatic opera- 
tion plus an interlock with a manual 
reset device. 

The valve itself has but two moving 
parts and is held firmly in position, 
when closed, by a cadmium-plated 
spring. The valve needle and seat are 
of stainless steel, insuring perfect seat- 
ing, quick action, trouble-free service 
and long life. All other parts are also 
of non-corrosive metals. Unusual ease 


of dis-assembly is a feature. Any part 
of the valve can be removed in a few 
seconds, without detaching the valve 
from the line. 

The operating lever, which is ac- 
tuated by the control device, transmits 
the force to lift the needle valve. A 
packless gland in the form of a brass 
bellows is used, giving a perfect seal. 

The air-control mechanism is of the 
piston type, and a pressure of 3 to 
50 pounds may.be used. All parts of 
the air-control are free-moving, free 
from binding or sticking. The air- 
operated valve is used on oil burners 
of the air-atomizing type. It prevents 
oil dripping into the combustion cham- 
ber when the burner is off, and closes 
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the valve automatically in the absence 
of the atomizing agent. 

In the steam or hydraulic control, 
the pressure operates through a bel- 
lows. No stuffing boxes or packed 
joints are used. The steam-oil and air- 
oil interlocks are used on industrial oil 
burners where the atomizing agent, 
either steam or air, and the oil are sup- 
plied by separate units. If the steam or 
air fails, the oil supply is immediately 
shut off, locked shut, and cannot be 
started until released by hand. 

The electrical control of the Lam- 
mert valve is through an electro mag- 
net, and the spring which closes the 
valve is entirely separated from the 
fluid. It is fully enclosed, but easily 
accessible upon removing the metal- 
cup cover. The electrically-operated 
valve is used for remote control of any 
liquid—oil, water, brine, etc. The gray- 
ity closing action of the valve is made 
more positive by a stout spring. 


Angle Switch 


WESTINGHOUSE ELECTRIC & 
MANUFACTURING COMPANY 


Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa., 
announces development of new angle 
switch equipment for controlling large 
synchronous motor-driven reciprocat- 
ing pumps and compressors to prevent 
the compression strokes on different 
units occurring in unison. Employing 
an electronic tube, the device effec- 
tively reduces the magnitude of current 
pulsations where two or more drives 
are used. Minimum pulsations are de- 
sirable to reduce flicker in lights and 
interference with the operation of 
other electrical equipment. 


Valve Control 
TAYLOR INSTRUMENT COMPANIES 


Taylor Instrument Companies, Roches- 
ter, New York, has announced a new type 
valve control that is the “Valv-Precisor.” 
The new arrangement was designed to 


meet the demand for closer control of 
processing and to hysteresis 


overcome 
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Taylor Valve Control 
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(friction and lost motion) of diaphragm 
motors. Heretofore the manufacturer 
claims that only specialized instruments 
could maintain precision control under 
severe conditions. The precision-valve-ac- 
tion feature has proved so important that 
the company has made the feature avail- 
able in a separate instrument for those 
applications where load changes are not a 
problem, but where valve-stem friction 
and diaphragm-motor hysteresis must be 
overcome to obtain precision control. The 
manufacturer claims that in general any 
air operated controller with the aid of 
the “Valv-Precisor” can position the valve 
50 times more accurately when opposed 
by valve-action friction and diaphragm- 


motor hysteresis than when the device is 
not used. 


Coatings 
TECHNICAL COATINGS, INC. 
Technical Coatings, Inc., 11 Park 


Place, New York, has introduced a line 
of new coatings which are asserted to 
be unlike any other available, in that 
the films formed are free from poros- 
ity and impervious to water and corro- 
sive atmospheric gases. These finishes 
are the result of prolonged research 
at a leading technical institute in which, 
it is stated, the first vehicle, or “base” 
to form an impervious film was devel- 
oped. 

This vehicle is described as a com- 
bination of pure vegetable gums and 
heat-treated oils made in an original 
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You can't obtain efficient use of steam nor 
economical use of fuel, unless you remove the 
air and discharge the condensate from your 
steam lines and coils as fast as they appear. For 
air and water fight heat. 

By equipping each piece of equipment with 


a Sarco Steam Trap, air will be vented and con- 
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Steam Trap 
No, 8 
Pressures 
50 to 300 Ibs, 


densation discharged as soon as formed, assur- 
ing a steady flow of hot, dry steam. 


SARC 


are inexpensive enough to justify individual trap- 
ping at every point where condensate forms. 
There can be no air bound or water logged coils 
—no heat wasted from long lines to centrally 
located traps. They take up no valuable space, 
but screw into the line like a fitting. 

Sarco Traps are effecting large fuel savings in 
plants throughout the country. 
would do likewise for you. 

Prove this out for yourself at our expense. 
We'll send one free for a month's trial. No 
proof, no charge. But thousands have been sold 
on that test alone. 


Also ask for a copy of Catalog S-95. 


SARCO CO., Inc. 


183 Madison Ave., New York, N. Y. 


Branches in Principal Cities 
SARCO CANADA LIMITED 


STEAM 
TRAPS 


Perhaps they 


Federal Building, Toronto, Ontario, Canada 
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and unique manner. It contains no lin- 
seed oil or synthetic resins. It forms 
films which are air-tight and water- 
tight, which are elastic and which pro- 
duce hard films that will not peel, chip, 
nor crack. For this reason they as- 
sertedly rank high in protective value 
and in preventing corrosion of metals, 
They are applicable also to wood and 
to other surfaces such as dry concrete 
and plaster. Resistance to salt and 
fresh water and to all degrees of hu- 
midity as well as to extremes of tem- 
perature is unusual. 

Primers with the new non-porous 
base are available for various purposes, 
Metallic zine is especially good on 
black and galvanized surfaces and 
where salt-water exposure is severe. A 
combination of zinc and aluminum is 
recommended for fresh-water and hu- 
mid conditions or where condensation 
occurs. A balanced red-lead, which is 
held in suspension permanently, is used 
as a primer for average conditions. 
Finishing coats in standard colors are 
also available, as is a high-gloss, acid- 
resistant grey. A vehicle for aluminum 
which requires 25 percent less alum- 
inum powder than other vehicles, is 
also employed for finishing coats. 


Welding Cable 
LINCOLN ELECTRIC COMPANY 


Lincoln Electric Company, Cleveland, 
Ohio, has announced a new type of weld- 
ing cable designed to meet conditions of 
extremely severe wear and abrasion. 

This new cable consists of fine tinned 
copper wire laid in ropes and stranded. 
Individual ropes are alternated in suc- 
cession as regards the direction of the 
lay to prevent distortion in applications 
of severe usage. The conductor of “Real- 
wear” cable is insulated with an especial- 
ly developed rubber compound to provide 
firm adhesion between the cover and rub- 
ber insulation. High grade cotton woven 
on a loom and securely joined to the 
rubber belt by a special process forms the 
cover. The cover is provided with a finish 
very resistant to oil, grease, acid, gasoline, 
moisture and heat. The strength of the 
new cable is comparable to that of fire 
hose. 


Expansion Joint 


AMERICAN DISTRICT 
STEAM COMPANY 


American District Steam Company, 
North Tonawanda, N. Y., has patented 
and is placing on the market a new 
packless expansion joint, known as the 
U-Ring type, based on a new principle 
for controlling pipe expansion in steam 
and hot water lines, or pipe lines con- 
veying gases or fluids subject to tem- 
perature variations. 

The expansion element is a series of 
die-formed “U-rings” of stainless alloy 
steel, welded together without trans- 
verse seams by a special process which 
retains the basic strength of the metal. 
One end is welded to the wrought steel 
body of the joint and the opposite end 
is welded to a plate that is in turn 
welded to the sleeve. 

The joint is installed with the expan- 
sion element compressed so that under 
actual operating conditions, the ele- 
ment is in a neutral or normal posi- 
tion, free from flexing strain when un- 
der maximum line pressure. Control 
rings and stop-bolts distribute the ex- 
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pansion and contraction movement 
equally through the U-rings. 

The expansion joint is fully guided 
at three points to permit the sleeve to 
move freely without binding. It is 
made with a wrought steel body which 
fully encloses the expansion element 
and protects it from damage or dirt. 
The joint is available for pressures to 





Expansion Joint 


400 pounds and temperatures to 800° 
F., with flanged ends or beveled ends 
for welding directly into the pipe line; 
with or without anchor base. 

Any reasonable amount of traverse can 
be provided, with a normal range of 
one inch to eight inches. The full 
amount of traverse is available as the 
element is under least flexing strain 
when the sleeve reaches its rated tra- 
verse. It does not require service or 
maintenance and is especially desirable 
for underground pipe lines, power 
house piping or inaccessible locations 
where space is limited. 


Cylinder Manifold 


THE LINDE AIR PRODUCTS 
COMPANY 

The Linde Air Products Company, 
New York City, has announced a new 
wall type acetylene cylinder manifold, 
the Oxweld Type M-8. It is available 
in a 10-cylinder unit to which exten- 
sions in units of five cylinders or 10 
cylinders can be made. The new mani- 
fold has been accepted by Underwrit- 
ers’ Laboratories for listing under their 
re-examination service. The manifold 
consists of two high-pressure header 
units. These feed into a central regula- 
tion system which delivers acetylene to 
the distribution piping system at pres- 
sures up to 15 pounds per square inch. 

The header unit assemblies are com- 
posed of heavy seamless steel tubing 
with forged steel union connections 
having stainless steel seat inserts. 
Header valves for cylinder connections 
are of heavy construction and are 
threaded directly into the steel tubing 
header. The extreme ends of the 
header assembly are closed with forged 
steel caps. Connections from _ the 
header valves to the cylinder valves are 
made with flexible leads. Each is coiled 
to provide sufficient flexibility, fitted 
with an approved Prest-O-Lite flash 
arrester and is provided with a ball 
check valve in the header end. This 
guards against the possibility of acety- 
lene from the header being driven back 
into an exhausted cylinder. 

The two high-pressure header assem- 
blies are connected by forged steel 
unions to a central system of six 
valves and two regulators for controll- 
ing the operation of the manifold. 
hese regulators have been designed 
lor heavy-duty service, and will handle 
. wide variation in load with less effect 
on the delivery pressure than would 
ordinarily be expected. 


November, 1935 





Centrifugal Pump 


LAWRENCE PUMP & 
ENGINE COMPANY 


Lawrence Pump & Engine Company, 
Lawrence, Mass., announces a new, 
compact, low cost, centrifugal pumping 
unit for small and moderate capacities, 
under the trade mark “Electropump.” 

The Electropump is directly coupled 
to drip-proof, ball-bearing electric mo- 
tors. The impeller is of the enclosed 
type and is mounted, keyed and locked 
on the extension of the motor shaft. 
The pump is for operation against 
heads up to 150 feet or 65 pounds in a 
single-stage unit and twice the head or 
pressure when furnished in a two-stage 
unit. 

The unit is fitted for circulating hot 
and cold water or brine, for water sup- 


ply systems and booster service, low 
pressure boiler feeding, condensate re- 
turns, air conditioning apparatus, trans- 
fer of oil and other liquids. 

In this compact pump, the ball bear- 
ing motor and pump are built into one 
unit and the number of rotating parts 
are kept down to.a minimum. This 
type of construction makes a sel f- 
contained, light-weight, easily portable 
unit that can be operated equally well 
in vertical, horizontal or inclined po- 
sitions. 

All units are thoroughly tested un- 
der conditions similar to those found 
in the field and the given efficiency rat- 
ings are most conservative. Complete 
performance curves and data on any 
size pump will be furnished by the 
Engineering Department of Lawrence 
Pump & Engine Company. 
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GLOBE 
ANGLE 


NEEDLE 
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Valves trimmed 
with ‘‘EValloy”’ 
Stainless Steel 


600 to 6000 pounds. 




















A Gulf Publishing Company Publication 


HIGH PRESSURE 


DROP FORGED STEEL VALVES 


BALL CHECK 


Figure 2688 


Suitable for a range of 


working pressures from 


° 
Section “G” of Catalog No. 
11, just out, covers com- 
plete details. 
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Large Stocks Carried in our Houston Warehouse 


2 
MAINTENANCE ENGINEERING CORP. 
1400 Conti Ph. P-6338 L.D. 409 
MMS OUSTON, TEXAS 






In sizes 14" 
through 2” 
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$31,400 saving 


in reclaiming valves 


That is what one oil company 
figured Oakite cleaning was 
saving annually by re-claiming 
valves alone,—not to mention 
pipe fittings, gauges, regulators, 
and blow-off cocks that are 
handled in the same two Oakite 
tanks. 


When you note that the EN- 
TIRE cost of operating the sal- 
vage department was only 
$5,000, you will agree that here 
is an economy which no com- 
pany can fail to investigate. 
Efficient cleaning is the first 
step in reclaiming good dollars 
from old equipment, in prepar- 
ing used parts so they WILL 
BE re-used. Write for free 
cleaning data. 


Manufactured only by 


OAKITE PRODUCTS, INC. 
50B Thames Street, New York, N. Y. 
Branch Offices and Repre- 


sentatives in all Principal 
Cities of the U. S. 





POLYMERIZATION 
Points The Way To 


GREATER EFFICIENCY 
AND SO DOES 


SPANO 
fen 


“The Entirely Different Boiler 
and Engine Treatment” 


Sand-Banum means a more efficient 
and more economical power plant. 
Sand-Banum cuts operating costs of 
boiler and water cooling systems like 
Polymerization ‘changes molecules.”’ 
And what a “rating’’—scale and cor- 
rosion cannot form in the presence of 
Sand-Banum! 

Furthermore, Sand-Banum brings you 
a SIMPLICITY and CERTAINTY you 
may have heretofore regarded as “‘im- 
possible.”’ 


Send for booklet “HOW and 
WHY” explaining this modern, 
pure colloidal treatment. 


American Sand-Banum Company, Inc. 
342 Madison Ave., New York City 
Stocks carried by 
WESTERN SAND-BANUM COMPANY 


Houston, Texas Denver, Colo. 
Fresno, Calif. 
and at other convenient points. 
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Chemical Measuring Pump 
THE McCORD RADIATOR & MFG. CO. 

The McCord Radiator & Manufacturing 
Company, Detroit, Mich., has developed a 
measuring pump for metering quantities 
of chemicals or other liquids. The new 














McCord Chemical Measuring Pump 


measuring device will deliver a predeter- 
mined amount of liquid, proportioned ac- 
cording to requirements, over a definite 
period; or a measured quantity, accord- 
ing to the speed of the operating machine. 
The design insures positive delivery of 
liquids against pressures up to 2000 
pounds, the manufacturer claims. The 
pump is especially suited for use in in- 
jecting treating chemicals. 


Brake Lining 
THERMOID RUBBER COMPANY 
Thermoid Rubber Company, Trenton, 


New Jersey, has announced the perfec- 


tion of a new type of brake lining, 
called Thermoid BX Woven, for use 
on heavy industrial machinery and 


equipment. This brake lining has as its 
base asbestos tape that is woven in a 
single thickness and therefore has no 
plies to separate under severe service 
conditions. This tape is woven of heavy 
yarn containing brass wire and is im- 
pregnated with a highly heat-resistant 
bakelite resin. The resultant product is 
a dense, flexible material consisting of 
70 percent asbestos and 30 percent 
resin. It is ground on the wearing sur- 
face, ready for application. 

Thermoid BX Woven Brake Lining 
has a very high coefficient of friction 
under all conditions of service; gives 
quick deceleration and “high holding,” 
the manufacturer claims. It will stand 
heats above 900° F. without deteriorat- 
ing; and it is claimed there is no ma- 
terial decrease in efficiency in the pres- 
ence of oil, grease or water. 


Pumps 


WORTHINGTON PUMP & 
MACHINERY CORPORATION 


Worthington Pump & Machinery 
Corporation, Harrison, N. J., announces 
that its open impeller non-clogging 
centrifugal pumps for handling solid 
materials in suspension, gritty liquids, 
liquids containing stringy material, etc., 
now are being made in a wide range of 
sizes. The pumps are of rigid “Mono- 
bloc” construction, and are low in first 
cost. They are compact, the greatest 


overall length of the largest size being 
only 23 inches. 

The shaft of large size, extra-heavy- 
duty grease-lubricated ball bearings, 
rugged casings, stuffing box of ample 
depth arranged for water or indepen- 
dent seal, water thrower ring, splash- 
proof motor, fan for air circulation, 
and protecting apron on motor—are 
some of the details that characterize 
these units. 

They are available in all-iron, all 
bronze, or bronze-fitted, and for special 
services as in chemical plants, refin- 
eries. Such special materials as stainless 
steel, Everdur, and Monel metal are pro- 
vided. 





PETROLEUM REFINERY ENGINEER 


Designer, graduate M.E. Heavy experience in 
design of petroleum refineries and power 
plants. Permanent position. Advancement pos- 
sible. Major Company, New York area. Ap- 
ply by letter stating age, education and busi- 
ness experience. Box 700 care Refiner and 
Natural Gasoline Manufacturer, Houston, Tex. 








WANTED—for British Colony, a_ British 
Chemist, or Chemical Engineer, with experi- 
ence in petroleum refining. Permanent posi- 
tion and prospects for right man. Apply giv- 
ing details of qualifications, experience - and 
salary required. Box 143, REFINER, Hous- 


ton, Texas. 











STATEMENT OF OWNERSHIP, MANAGEMENT, 
CIRCULATION, ETC., REQUIRED BY THE ACT 
OF CONGRESS OF AUGUST 24, 1912, 

Of the REFINER AND NATURAL GASOLINE MAN- 
UFACTURER, published monthly at Houston, Texas, 

for October Ist, 1935. 
State of Texas, County of Harris, ss: 

3efore me, a notary public in and for the State and 
county aforesaid, personally appeared A. L. Burns, who 
having been duly sworn according to law, deposes and 
says that he is the Business Manager of the Refiner 
and Natural Gasoline Manufacturer, and that the fol- 
lowing is, to the best of his knowledge and belief, a 
true statement of the ownership, management (and if 
a daily paper, the circulation), etc., of the aforesaid 
publication for the date shown in the above caption, 
required by the Act of August 24, 1912, embodied in 
section 411, Postal Laws and Regulations, printed on 
the reverse of this form, to wit: 

1. That the names and addresses of the publisher, 


editor, managing editor, and business managers are: 
Publisher: R. L. Dudley, 3238 Huntington Drive. 
Houston, Texas. 

Editorial Director: S. W. Robinson, 5002 Scotland, 


Houston, Texas. 


Editor: George W. H. Reid, 1651 Danville, Hous- 
ton, Texas. 

Managing Editor: J. Kent Ridley, 1018 Isabella, 
Houston, Texas. 

Business Manager: A. L. Burns, 4311 San Jacinto, 


Houston, Texas 

2. That the owner is: (If owned by a corporation, its 
name and address must be stated and also immediately 
thereunder the names and addresses of stockholders 
owning or holding one per cent or more of total amount 
of stock. If not owned by a corporation, the names 
and addresses of the individual owners must be given. 
If owned by a firm, company, or other unincorporated 
concern, its name and address, as well as those of each 
individual member, must be given.) 

The Gulf Publishing Company, Houston, Texas; James 
Anderson, Houston, Texas; R. L. Blaffer, Houston, 
Texas; Mrs. Sarah Campbell Blaffer, Houston, Texas; 
A. L. Burns, Houston, Texas; J. F. Carter, Jr., Tulsa, 





Okla.; Dr. } L. Dudley, Goose Creek, Texas; R. L. 
Dudley, Houston, Texas; W. S. Farish, Houston, Texas; 
Wm. V. Gross, Houston, Texas; Howard R. 
Houston, Texas; Chas. Lane, Houston, 
Wallace E. Pratt, Houston, Texas; J. Kent 


Houston, Texas; S. W. Robinson, Houston, Texas; Mrs. 
Maude G. Sterling, Houston, Texas; R. Swinsky, 
New York, N. Y.; . Waller, Chicago, IL. 

3. That the known bondholders, mortgagees, and other 
security holders owning or holding 1 per cent or more 
of total amount of bonds, mortgages, or other securities 
are: (If there are none, so state). 

None. 

4. That the two paragraphs next above, giving the 
names of the owners, stockholders, and security holders, 
if any, contain not only the list of stockholders and 
security holders as they appear upon the books of the 
company but also, in cases where the stockholder or 
security holder appears upon the books of the company 
as trustee or in any other fiduciary relation, the name 
of the person or corporation for whom such trustee is 
acting, is given; also that the said two paragraphs con- 
tain statements embracing affiant’s full knowledge and 
belief as to the circumstances and conditions under 
which stockholders and security holders who do not ap- 
pear upon the books of the company as trustees, hold 
stock and securities in a capacity other than that of 
a bona fide owner; and this affiant has no reason to 
believe that any other person, association, or corpora- 
tion has any interest direct or indirect in the said 
stock, bonds, or other securities than as so stated by 


him. 
A. L. BURNS, Business Manager. 
Sworn to and subscribed before me this 27th day of 
September, 1935. 
(My commission expires June 1, 1937.) 
(Seal) J. KENT RIDLEY. 
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